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Foreword 

Microcontrollers Everywhere 

Microcontrollers are key components in many of the electronic products 
we use every day, including consumer electronics, automobiles, indus¬ 
trial manufacturing equipment, robots, smart buildings, and medical 
devices. In this issue, we consider microcontrollers and embedded 
systems in the context of the ever-expanding Internet of Things. 

We kick things off with a short reintroduction to microcontroller 
technology (p. 6). In "What's a Microcontroller?" I describe the 
differences between microcontrollers and microprocessors and cla¬ 
rify some common misconceptions about these amazing devices. 

Turn to page 30 for an informative article about effective security tactics 
at the microcontroller level. Mouser's Mark Patrick explains why you 
cannot rely exclusively on software-based security solutions to protect 
your Internet-connected devices. Microcontroller security is essential. 

If you work with microcontrollers on a regular basis, you'll want to 
check out some of Arrow Electronics's development boards and kits, 
as well as the Arrow Certificate Program. Check out our interview 


(p. 38) with Christian Reuter to learn how Arrow is helping entrepre¬ 
neurial engineers and to learn about some innovative new products. 

As with past editions of Elektor Business, we cover a wide variety of 
topics in this issue. Turn to page 8 for an interesting article about 
surface micromachining techniques for microelectromechanical 
systems (MEMS) devices. You can use such devices with micro¬ 
controllers to develop innovative products. 

Have you ever thought about running your own embedded systems 
consulting company? If so, check out engineer Piotr Krol's article 
on page 33. He provides several useful tips for anyone interested 
in starting their own company. 

Interested in learning about the new technologies engineers are 
using in aerospace applications? On page 43, Maurizio Di Paolo 
Emilio covers recent advances in fast data converters that are 
intended for use in space applications. 

In addition to an informative Operation Marketing article by Flavio 
Stiffan (p. 46), we also present several in-depth interviews with elec¬ 
tronics industry thought leaders, including Sam Cece (Swift Sensors), 
Pirn Tuyls (Intrinsic ID), Pete Smith (TE Connectivity), and others. 

Feel free to share your thoughts with the Elektor team and our com¬ 
munity about any of these topics. We're online on Facebook (www. 
facebook.com/ElektorLabs) and Twitter (www.twitter.com/Elektor). 

C. J. Abate, Editor-in-Chief 
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What's a Microcontroller? 

Five things nonengineers should know about MCUs 

By C. J. Abate - Editor in Chief, Elektor Business 


Much like they say about spiders, you're likely always within 6' of a microcontroller. That's because millions of 
microcontrollers are deployed throughout the Internet of Things. Regrettably, few nonengineers know much 
about these remarkable, ubiquitous devices. Here are a few key facts about microcontrollers that everyone 
should know. 



What is a microcontroller (MCU)? What 
makes a microcontroller different than a 
microprocessor (MPU)? How do designers 
use microcontrollers? Are Arduinos and 
Raspberry Pis microcontrollers? 

Electrical engineers know the answers 
to these questions because they imple¬ 
ment microcontrollers in the products 
they develop for virtually every industry 
from aerospace to healthcare. Unfortu¬ 
nately, many nontechnical executives, 
marketing managers, sales reps, and 
software developers are unfamiliar with 
microcontroller technology. Nonengineers 
often confuse the terms microcontroller, 
microprocessor, system on a chip, mic¬ 


rochip, and IC - and they sometimes 
use them interchangeably. To address 
the issue, I've put together a list of five 
essential things everyone should know 
about microcontrollers. If you're a pro¬ 
fessional engineer or pro maker, you can 
skip this article — just be sure to share it 
with your nontechnical colleagues. 

• A microcontroller is a computer on a 
single chip that includes a processor 
core, memory, and I/O peripherals, 
and it is typically used for a specific 
function in an embedded system. For 
instance, you can use microcontrol¬ 
lers to operate sensors, record data, 
control LEDs, communicate with 


other microcontrollers, and much 
more. A microcontroller's memory, 
I/O ports, and ROM/RAM are located 
within the chip. A microprocessor's 
peripherals are external to it. So, 
ROM/RAM, serial interface, timers, 
and I/O ports are connected to a 
microprocessor. 

• Microcontrollers are application-spe¬ 
cific and used for predefined tasks. 
For instance, you can use a micro¬ 
controller to control a motor in a 
robotic system. In contrast, micro¬ 
processors are used for applications 
that require intense processing, such 
as running large graphics programs 
on laptops. Basically, you don't use 
an Intel CORE i5 to perform a micro¬ 
controller's job. 

• A microcontroller does not offer the 
high speed and large memory of a 
microprocessor. Think of it. A micro¬ 
controller has an application-speci¬ 
fic task to manage, and thus doesn't 
require breathtaking speed and a ton 
of memory, while a microprocessor 
will be called on to run complicated, 
resource-intensive tasks. A micro¬ 
controller's clock speed might be 
300 MHz compared to a processor's 
speed of 4 GHz. 

• In the early 2000s, some tech journa¬ 
lists proclaimed "8 bits is dead" due 
to the proliferation of exciting new 
32-bit technology. Things sure have 
changed. With the explosion of the 
IoT, low-cost 8-bit microcontrollers 
are in high demand for use in a wide 



Microcontrollers are application-specific. 
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variety of applications, including auto¬ 
motive control systems, aerospace 
applications, industrial automation, 
wearable electronic devices, robotics, 
and medical equipment. 

• The IoT comprises billions of 8-, 16-, 
and 32-bit devices. Simply put, mic¬ 
rocontrollers are used everywhere: 


automobiles, planes, home appli¬ 
ances, toys, surveillance systems, 
industrial plants, and medical devi¬ 
ces. Remember the old saying that 
you are always 6' away from a 
spider? In this IoT era, it's safe to 
assume you have several microcont¬ 
rollers your vicinity right now. M 
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Biirklin Elektronik cooperates 
with Rochester 




Burklin Elektronik is now able to offer more than 200,000 
articles from over 70 semiconductor manufacturers in its 
portfolio, which includes both "end-of-life" and regularly 
available products for industry, transport, military, medi¬ 
cine, energy, civil aviation, automotive and telecommuni¬ 
cations. In addition, Burklin Elektronik can look back on 
more than 70,000 different producible designs. 

"It is an honour for us that Rochester has chosen us as a 
partner due to the high expectations regarding the profes¬ 
sionalism and ability of Burklin Elektronik. Our goal is to 
provide the best possible service that Rochester customers 
rightly expect. The combination of the competencies of both 
companies will certainly make this possible," says Alfred 
Lipp, Head of Sales and Marketing at Burklin Elektronik. 

"Rochester is proud to announce its partnership with Burklin 
Elektronik, a distributor based in the south of Munich spe¬ 
cializing in high quality electronic components, this part¬ 
nership supports our global efforts and provides competent 
service to our customers," adds Stephen Morris, General 
Manager EMEA Sales at Rochester Electronics. 

www.buerklin.com 


Microcontrollers & Programming 7 

















































Surface 

Micromachining 

for MEMS Systems 

By Glen Fitzpatrick (Chief Scientific Officer, Micralyne), Mary W. M. Seto (Senior Project Manager, Micralyne), and 
Shailja Tewari (Chief Marketing Officer, Micralyne) 

Surface micromachining techniques enable the manufacture of highly reliable, robust microelectromechanical 
system (MEMS) devices, which engineers can use along with microcontrollers to develop innovative, next- 
generation products. In this article, Micralyne provides an overview of MEMS fabrication processes and 
techniques in surface micromachining. 


Surface micromachining is the process of 
forming movable structures made of thin 
films grown on rigid substrates (generally 
silicon for low surface roughness, but can 
include polymers for low-cost applicati¬ 
ons), and etching selective sections away 
to provide freestanding submicron scale 
structures. Thus, simple microstructu¬ 
res like beams or membranes as well as 
complex structures such as multilayer 
thin film sensors on bulk micromachined 
silicon can be fabricated. Key benefits 
of surface micromachining technology 
are the small microstructure dimensions 
achieved, and the opportunity to integ¬ 
rate micromechanics and microelectro¬ 
nics on the same chip. 

Surface micromachining has become 
increasingly popular in numerous appli¬ 
cations, with potential advantages over 
bulk micromachining, including smal¬ 
ler device size and CMOS compatibi¬ 
lity. There are a large number of varia¬ 
tions on how surface micromachining 
is performed. Depending on the mate¬ 
rials and etchant combinations that are 
used, surface micromachined structures 
can be made on polysilicon or Silicon 
on Insulator (SOI) to name a few. This 
article discusses surface micromachining 
techniques developed and deployed at 
Micralyne to manufacture highly reliable, 
robust MEMS devices. A second paper in 
this series, titled "Applications of Surface 


Micromachined Structures - Spatial Light 
Valves" (www.micralyne.com/design-re- 
source-library/), discusses the applica¬ 
tion of surface micromachining in the 
manufacturing of tunable diffraction gra¬ 
tings. Referred to as Spatial Light Valves 
(SLV), tunable diffraction gratings can be 
used in a wide range of applications that 
involve spectral modulation of light, such 
as LiDAR imaging, structured illumina¬ 
tion, digital printing, laser marking, spec¬ 
troscopy, and metrology to name a few. 

Bulk micromachined device architectures 
at Micralyne are largely based on a stan¬ 
dard process flow of bonded full silicon 
and SOI wafers with cavities and Deep 
Reactive Ion Etch (DRIE) formed structu¬ 
res. This provides a strong, versatile, and 
manufacturable standard process flow. 



Figure 1: Suspended surface micromachined 
thin film sensor isolated from the silicon 
substrate by bulk micromachining 



Figure 2: Bulk micromachined comb drive mirrors made at Micralyne. Individual combs are 2 pm 
in width. 1 , 
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Figure 3: 200:1 enhanced y-direction measurements of a released structure with an intrinsically 
imposed stress gradient within one single layer. The upper-most section is the released unactuated 
shape, with the subsequent shapes being the result of actuation through differential voltage to the 
bottom electrode. 


Website: 


www.micralyne.com 


Micralyne manufactures many MEMS 
micromirror devices as well as some of 
the highest sensitivity accelerometers 
available using this process. 

Surface and bulk 
micromachining 

While most literature on surface micro¬ 
machining and bulk micromachining 
discuss advantages of one approach 
over the other, both techniques have 
their unique application areas. Moreo¬ 
ver, both techniques can be integrated 
in one device. Micralyne manufactures 
a suite of thin film membrane sensors 
suspended over cavities or inside of flow 
channels (Figure 1). Examples of other 
bulk silicon micromachining at Micralyne 
show silicon tilting mirror systems with 
multi-axis control and hinge and comb 
drives hidden under the mirrors for opti¬ 
cal continuity (Figure 2). 

Challenges in fabrication 

There are three key challenges in the 
fabrication of microstructures using 
surface micromachining. (1) Control of 
stress and stress gradient in the struc¬ 
tural layer to avoid bending or buckling 
of the released microstructure. (2) High 
selectivity of the sacrificial layer etchant 
to the functional layers. (3) Stiction: 
avoidance of the released microstructure 


from sticking to the substrate. 

Stress control and stress 
gradients 

Stress control is important in any MEMS 
application. Stress in thin films is one of 
the major technical challenges in surface 
micromachining. In surface micromachi- 
ned structures, the structural element is 
a film itself, so stress control is critical. 
MEMS foundries typically apply various 
stress compensation strategies to ena¬ 
ble manufacturing of reliable products. 

Structure scaling of surface micromachi- 
ned devices is such that thin film stress 
inherent in the formation of the film can 
distort the final freed structure. Struc¬ 
tural strength is related to thickness, so 
thin film-based structures require atten¬ 
tion to stress contributions, and since 
surface micromachined devices are typi¬ 
cally constructed using multiple layers of 
films, the relative stress of the released 
complete functional sensor's components 
is therefore additionally crucial. 

An understanding of relative interac¬ 
tions of these films, typically accom¬ 
plished through extensive material and 
process characterizations in consort 
with statistical manufacturing process 
monitoring and controls, are utilized to 


manage structural stress. For example, 
silicon mirrors in Micralyne's all-silicon 
based processes must maintain the flat 
nature of the crystalline silicon to serve 
as an undistorted reflector. Thick (15 
pm) mirrors used in standard all-silicon 
processes can be distorted by the thin 
reflective film and its adhesion layers if 
stress compensation is not considered. 

Stress compensation strategies 

The thin films on the bulk silicon are in 
the thickness regime of the freed struc¬ 
tures used for surface micromachining. 
Stress compensation strategies at Micra¬ 
lyne include the use of extra films (sacri¬ 
ficial layers) to counteract any stress 
incurred by the functional films. Micralyne 
has process control strategies for thin 
films made from Plasma-Enhanced-Che- 
mical-Vapour-Deposition (PECVD) and 
sputtered process combinations. Process 
control has been developed for nume¬ 
rous films. Refer to Micralyne's datas¬ 
heet on Foundry Capabilities for addi¬ 
tional details (www.micralyne.com/ 
design-resource-library/). ‘ 

Stress gradients: Intrinsically imposed 
stress gradients are another technique 
utilized for stress compensation at Micra¬ 
lyne. In manufacturing of gradient stress 
films, the process is altered throughout 
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Delineation between 
two films 


Figure 4: TEM cross-section of a Si0 2 film with a SiN thin film (50-nm scale bar) 


the solid film deposition in order to impart 
a deliberate curvature to the film when 
it is released. Figure 3 shows an exam¬ 
ple of a surface micromachined released 
structure with an intrinsically imposed 
stress gradient within one single layer. 

Monitoring of key film 
deposition metrics 

Establishment, tight monitoring and 
maintenance of numerous process con¬ 
trol metrics such as film deposition uni¬ 
formity and repeatability are important 
process control requirements in surface 
micromachined devices. Large deviations 
in these metrics can affect device perfor¬ 
mance and thus quality and yield of the 
final product. In the example discussed 
in this article, key product performance 
parameters such as speed, voltage requi¬ 
rements and contrast at a given wave¬ 
length could be impacted with a lack of 
process control measures. Furthermore, 
the requirement of film stress manage¬ 
ment for surface micromachined devices 
has enhanced Micralyne's thin film pro¬ 
cess library for all applications. 

Figure 4 is a TEM cross-section of the 
interface between a silicon dioxide thin 
film (bottom) and a silicon nitride thin 
film (top) showing a sharp interface 
and distinct morphology between the 
two films. Control of interfaces of films 
to this degree is necessary to main¬ 
tain high reflectivity and high selectivity 
of films for highly delineated released 
structures. 

Selectivity of the sacrificial 
layer 

Surface micromachined devices are com¬ 
prised of thin films released from a laye¬ 
red matrix of films, and etching away 
sections or the full amount of the sacri¬ 
ficial films allows the released film to 
move and be actuated. In the illustrated 
example presented in Figure 5, the gap 
can be several hundred nanometers (the 
thickness of the sacrificial layer), but the 
etch has to undercut the structures by 
tens of microns. 

The structural film thus has to maintain its 
fidelity while withstanding the entire dura¬ 
tion of the undercut process without losing 
any material. This can be especially chal¬ 
lenging as the films are deposited sequen¬ 
tially. Due to diffusion at elevated deposi¬ 
tion temperatures, there can be blurring at 
the interfaces between the films. 


Careful control of etchant concentration 
and erosion rate, and the measurement 
of undercut using specialty mask features 
and active control of the process during 
etching are important. The initiation of the 
etch has to be identical across the wafer 
at every site, as small changes in etch 
rate at different sites will create distinct 
differences in final device outcome for any 
given area. 

Stiction control 

Sticking and charging are two challenging 
and somewhat related issues in surface 
micromachining. The freed devices have 
high surface area and an extremely small 
separation between the moving layer and 
the electrode — typically on a sub-micron 
scale. 

The aspect ratio of the etched width to 
depth, is roughly 100:1, so removal of all 
etch by-products from the narrow gap is 
essential. The narrow gaps (Figure 5e) 
are surface cleaned, and following that, 
the surface energy of the freed structures 
is managed through critical point drying 
and substitutional Self Assembling Mono- 
layers (SAMs). Micralyne has developed 
several variants of processing recipes to 
lower surface energy. 

The choice of materials and material 
deposition order influences the charging 
behaviour. Since the device is made of 
dielectric thin films, charge can migrate 
and thus change field dynamics over time. 
A charging device may operate initially, 
but device performance can drift over 
time, or even render the device non-func- 
tional. The devices illustrated in this article 
have been shown to operate for tens of 
billions of cycles without exhibiting any 


degradation in performance metrics. 

In summary, choice of materials and pro¬ 
cesses influence the performance, relia¬ 
bility and quality of the end product; con¬ 
trol and knowledge of these parameters 
leads to robust device performance. 

Fabrication processes for 
surface micromachined MEMS 

Surface micromachining processes take 
advantage of the flatness of the silicon 
wafer. They are characterized by the 
fabrication of micromechanical structures 
from deposited thin films. Films compo¬ 
sed of materials like low-pressure chemi¬ 
cal-vapour-deposition (LPCVD) polycrys¬ 
talline silicon, silicon nitride, and silicon 
dioxides can be sequentially deposited 
and selectively removed to build or 
"machine" three-dimensional structures, 
whose functionality typically requires that 
they be freed from the planar substrate. 

Figure 5 provides a step-by-step illust¬ 
ration of surface micromachining applied 
to fabrication of a spatial light modula¬ 
tor device. This example showcases the 
release of microstructures, managing 
constraints of high aspect-ratio fabrica¬ 
tion, and silicon etching to manufacture 
a 40 pm x 300 pm spatial light modu¬ 
lator device. Further details on end-de¬ 
vice performance are discussed in our 
second white paper in this series titled 
"Applications of Surface Micromachined 
Structures - Spatial Light Valves." 

Figure 5 shows cross-sections of the 
basic film stack, ignoring the required 
adhesion layers and the requirements for 
stress control and composition. The fabri¬ 
cation of this device involves sequential 
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a) Sequential deposition of full film stack: Stack from Bottom to Top: Metal electrode 
on bottom, followed by dielectric, sacrificial layer, structural layer, and top electrode that 
also serves as a reflector. 



b) Etch metal electrode pattern with mirror element, routing and bond pads. 


Single^ wide element 



c) Etch slits between each mirror element to access for undercut etch to remove 
sacrificial layer material. 



d) Undercut of sacrificial layer through the openings made between the mirror elements. 



e) 


Etch continues to form a final pedestal at the center of each mirror. The process is 
almost complete at this point. The SEM Image below illustrates the pedestal formation 
at the same location and same process step. 



Etchant Flow 



0 


The final etch profile with pedestals etched to the desired width. 


HU 




* 


Microscope image of the final processed device: 



Figure 5: Surface micromachining process for a spatial light modulator device showing MEMS processing steps and the formation of relevant 
geometries 


deposition of all of the films used in the 
fabrication process, thus maintaining the 
smoothest surface possible, and saving 
the reflective material for last. The metal 
layer can then be kept as reflective as 
possible, and no subsequent high tem¬ 
perature steps are required, thus avoi¬ 
ding any degradation in the film grain 
structure that would decrease reflec¬ 
tivity or scatter light. The deposition 
sequences are followed by lithography 
and etch processing steps. Variants on 
this theme are possible to make more 
elaborate structures, but this simplified 
version serves to illustrate the approach. 

The final device terminates the etch at 
the end of the slits patterned to form 
the ribbons, giving each ribbon a pin¬ 
ned end, which adds support. The central 
post and the pinned end structures add 
greatly to the manufacturability of stable 
and robust devices that are tolerant to 
a reasonable range of process variab¬ 
les. The device cross-section is shown in 
Figure 6. The single bent ribbon struc¬ 
ture illustrates the deformation experien¬ 
ced when voltage is applied between the 
electrode on that member relative to the 


ground plane. In the case of the device 
being used as a diffractive switch, this 
actuation produces the grating shape. 

Case studies: spatial light 
modulator and resonator 

As mentioned earlier, diffraction gratings 
are among the most commonly used 
optical elements in a range of applications 
including structured illumination, digital 
printing, laser markings, spectroscopy, 
and metrology to name a few and have 
potential applicability in numerous emer¬ 
ging applications such as LiDAR Imaging. 

The fabrication of MEMS-based diffrac¬ 
tion gratings is a mature technology and 
presents opportunities to advance a new 
class of end-applications. Micralyne has 
extensive experience in design, modeling, 
fabrication and mass manufacturing of this 
class of MEMS devices. Our second whi¬ 
tepaper in this series illustrates two such 
application examples — a high-efficiency 
spatial light modulator and a resonator 
device. Please refer to our whitepaper tit¬ 
led "Applications of Surface Micromachi- 
ned Structures - Spatial Light Valves" for 
further specifics on these devices. 



Figure 6: Tunable Spatial Light Valve device 
(SLV) manufactured using MEMS surface 
micromachining 

Emerging applications of spatial 
light valves 

In addition to optical applications outli¬ 
ned in our second whitepaper, the uni¬ 
que robustness and ability of surface 
micromachined devices to be fabrica¬ 
ted with the geometries necessary for 
longer wavelengths could enable multi¬ 
channel modulation in application areas 
not normally considered candidates for 
delicate MEMS structures. These appli¬ 
cations include high-resolution C0 2 Laser 
Marking and Selective Laser Sintering 
(both metal and polymers). 
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C0 2 Laser Marking is increasingly being 
deployed on productions lines for "on 
the fly" marking such as: numbering, 
barcodes, 2D Datamatrix codes, optical 
characters, dates and DLC, etc. In this 
application a high-intensity laser is used 
to melt, etch, sinter, ablate, or modify 
the exposed material relative to the sur¬ 
rounding. The dominant approach so far 
has been a single beam rastered over 
the work surface by galvo scan mirrors. 
With advancements in total available 
laser power and replacing the scan mirror 
with a spatial light modulator, high-re¬ 
solution C0 2 Laser Markings are now a 
distinct possibility. 

Selective Laser Sintering (SLS) is an 
additive manufacturing (AM) technique 
that uses a laser as the power source to 
sinter powdered material (typically nylon/ 
polyamide), by aiming the laser auto¬ 
matically at points in space defined by 
a 3D model, binding the material toge¬ 
ther to create a solid structure. SLS is 
a relatively new technology that so far 
has mainly been used for rapid prototy¬ 
ping and for low-volume production of 
component parts. With advancements 
in driving electro-optics technology, and 
integration of a spatial light modulator, 
multiple orders of resolution enhance¬ 
ments could be achieved. 

Conclusion 

Surface micromachining is the metho¬ 
dology used to create structures and 
devices from sequential thin film growth 
and is in contrast to bulk micromachining 
methods, which utilizes crystalline sili¬ 
con to make sensors and actuators. Bulk 
crystalline silicon offers a flat surface on 
which thick (approximately 15 pm) mir¬ 
rors can be angled precisely to enable 
steering of optical signals. These advan¬ 
tages make them popular for telecom¬ 
munications applications. Tilt angles of 
tens of degrees can be achieved, and 
comb drives can place the mirrors at the 
desired angles with precision, or can be 
configured to oscillate as a scanning mir¬ 
ror. Resonant frequencies of such devices 
tend to be in the kilohertz range. 

The use of surface micromachining, by 
contrast, offers structures built solely 
with thin films. This reduces mass by 
orders of magnitude and affords hig¬ 
her operational speeds. The most fami¬ 
liar surface micromachined devices are 
the TI DMD 2D micromirror arrays; the 


resonant frequency of this device is 
approximately 50 kHz. It is much faster 
than silicon-based tilt mirrors and still 
able to achieve a tilt angle of 12°. The 
potential for high resonance speeds has 
allowed the fabrication of devices capa¬ 
ble of modulating and imaging for wave¬ 
lengths from the visible to the far IR and 
enable resonator arrays for high sensiti¬ 
vity detection of pathogenic bacteria. Our 
second white paper in this series reviews 
two case studies of devices manufactu¬ 
red using surface micromachining (i.e., 
Spatial Light Modulators). 

While Micralyne has considerable expe¬ 
rience in both micromachining methods 


(with bulk micromachining methods used 
primarily for telecommunications optical 
switches and high sensitivity accelerome¬ 
ters), bulk micromachining continues to 
be our predominant fabrication approach. 
The use of surface micromachining tech¬ 
niques has facilitated the development of 
a new class of products at Micralyne, and 
has also significantly contributed to the 
building of process libraries of thin films 
that can be deployed in a wide range of 
products. These pre-characterized and 
validated thin film libraries for a variety 
of processes have enabled rapid fabrica¬ 
tion cycles for new designs and accelera¬ 
ted path to market for products manu¬ 
factured at Micralyne. H 
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By C.J. Abate (Elektor Business) 

Q&A with Sam Cece 

On developing a low-energy, easy-to-deploy 
wireless sensor solution 



Companies in every industry rely on low-energy wireless sensors for everything from equipment monitoring 
to people tracking. Unfortunately, developing, deploying, and maintaining a sensor network can be expensive 
and resource draining. Sam Cece explains how Swift Sensors addresses these issues with an easy-to-deploy, 
real-time sensor monitoring and tracking system. 


C. J. Abate: Tell us a bit about your background. 

Sam Cece: Originally from Chicago, I moved to California to 
attend Woodbury University. After graduation I got my first 
job in Silicon Valley. I spent a significant amount of time at 
BEA Systems, where I had the role Global Services President, 
$400M in annual revenues, and more than 1000 employees 
across 26 countries. I was recruited from Silicon Valley to 
Austin to become CEO of Virtual Bridges, which was acquired 
by Nimboxx. I was CEO of CloudTools, which was acquired by 
SolarWinds. Finally, prior to Founding Swift Sensors, I was CEO 
of StrongMail Systems. StrongMail was named to the 2012 
Forrester Wave Report shortlist. 

C. J.: What inspired you and your cofounders to 
launch Swift Sensors in 2015? What was the main 
industrial IoT problem you were trying to solve? 

Sam: My cofounder, Dean Drako, and I both have experiences 
where data from our operations was not available or easy to 
obtain and could have been used to improve our operations. 
My brother owns a restaurant in Chicago and has often asked 
for a more reliable temperature monitoring system for his cool¬ 
ers and freezers. Dean, while running Barracuda Networks, 


was frustrated with the lack of insight he got from his manu¬ 
facturing operations. 



Figure 1: Wireless sensor, BLE Standard.531. 
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Sensors Bridge Cloud Dashboard 


Figure 2: Swift Sensors architecture. 


C. J-: Why Austin, Texas? 

Sam: Both Dean and I ran venture-backed companies in Sil¬ 
icon Valley where we met. After we both relocated to Austin, 
we decided to launch Swift Sensors. We have a great startup 
culture in Austin, and we have access to the talent we need to 
develop a world-class wireless sensor system. 

C. 3 .: You sell a wide variety of sensor modules: 
temperature/humidity, acoustic/vibration, 
position, magnetic, and more. You have customers 
in industries such as food manufacturing and 
transportation. Where do see the biggest 
business opportunities in 2018? 

Sam: Improving operational efficiency in manufacturing oper¬ 
ations, particularly those operations with limited insights into 
the equipment efficiency. We also see a large opportunity in the 
production, delivery, and preparation of food, which encom¬ 
passes the entire commercial chain from "farm to table." 

C. J.: Swift Sensors claims that its cloud wireless 
sensor system can be configured and deployed at 
one-tenth of the cost of traditional systems. How 
do you keep this cost down? 

Sam: The disruptive technologies of wireless sensors and 
cloud storage drive significant cost savings by obviating the 


need for costly sensor cabling and on-premise software data 
acquisition systems. With our cloud-based wireless system, 
the sensors can be installed in virtually any location. Addi¬ 
tionally, there is no on-premise maintenance because the 
system is updated via the cloud, and any computer, tablet, 
or smart phone can access the system and data (Figure 1 
and Figure 2). 

C. J.: Do companies have to use your sensors with 
your cloud software? Can they use the software 
with existing sensor configurations? 

Sam: Our system is designed as an end-to-end cloud-wireless 
system, giving our customers the best performance, security, 
reliability, ease of deployment. We do have an API so that sen¬ 
sor data can be easily extracted from our cloud storage and 
used for advanced analytics and custom reporting. 

C. J.: How does Swift Sensors address IoT 
security? Are the deployed sensors secure, or is 
your focus on securing data stored in the cloud? 

Sam: Security has been designed into the system from day 
one. Our development team has experts in security from the 
banking industry. We use 256 AES encrypted data transmis¬ 
sion from our bridges to the cloud and our sensors also use 
encrypted data transmission. 
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u The disruptive technologies of wireless sensors 
and cloud storage drive significant cost savings by 
obviating the need for costly sensor cabling and on¬ 
premise software data acquisition systems. 


C. J.: Are any of your customers using your 
sensor system in interesting ways? Perhaps 
they are using your products in applications or 
deployments that you didn't anticipate when you 
launched the company? 

Sam: We have customers in a number of different industries: 
manufacturing, facility management, and hospitality. One that 
I find most interesting is an application of Meggitt Polymers 
and Composites. At their facility in Oregon, they produce many 
of the materials used in most of the world's commercial air¬ 
planes. They have a number of presses and molding machines 
that have little or no data collection. With our wireless sensors 
monitoring activity and temperature, they have been able to 
determine their equipment efficiency over* each shift and have 
already taken corrective actions to improve their production. Figure 3: A dashboard showing percent compliance. 

C. J.: What's next for Swift Sensors? 

Sam: We are about to release a next generation of our sensor 
system that will improve our battery life and maximum distance 
between the sensors and the bridge. We're also always adding 
new sensors. This month we just added air quality sensors 
for measuring ammonia and carbon monoxide. We continually 
update our Dashboard with customer requested features such 
as % Compliance and % Utilization analytics (Figure 3). We've 
recently added a major distribution partner, Iguazu, in Japan, 
and we will continue to develop channel partners throughout 
the world. W 


Swift Sensors 


• Solutions: Industrial manufacturing, cold chain mon¬ 
itoring, food manufacturing, building management, 
and more 

• HQ: Austin, TX, USA 

• Web: www.swiftsensors.com 
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series 


WIZnet’s New 

Serial to Ethernet Modules 


WIZ750SR / WIZ752SR W5500S2E / W7500S2E 


• Pin-to-Pin Compatible with 
WIZIxxSR series 

• GUI/CLI Configuration tool 
■ Up to 460.8kbps 


■ Supports NetBIOS 

■ Enable ModBUS 

■ Supports built-in web server 
■Up to 1.152Mbps 


Cost Effective Prices 


Unit Price: at IK pcs/USD 


WIZ750SR-100 S9.91 WIZ752SR-120I $ 9.9 W7500S2E-R1[$9.9 



is an loT Device Platform company 

with LEARNING ECOSYSTEM and CONTENT 


WIZnet.io 
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By C. J. Abate - Editor in Chief, Elektor Business 

Q&A with Pirn Tuyls 

On developing next-generation embedded 
security and authentication solutions 


Securing Internet of Things (IoT) endpoints is a 
difficult task. Engineers cannot simply repurpose PC 
security solutions for the IoT environment. Pirn Tuyls 
shares his thoughts on securing the chips deployed 
in the IoT and introduces Intrinsic ID's SRAM 
physical unclonable function (PUF) technology. 


C. J. Abate: Tell us about your background, 
particularly your work at Philips Research, and 
what led you to found Intrinsic ID. 

Pim Tuyls: I started working in Philips on optimizing the pro¬ 
duction of certain components in cathode ray tubes — yes, 
the old televisions. The project was very successful — so suc¬ 
cessful, that when I finished, I was given the latitude to select 
my next assignment. I saw great potential in the combination 
of cryptography and physics. I pitched this idea to manage¬ 
ment and they gave me the go-ahead to assemble a team and 
start the project. After creating the security team at Philips, I 
started with a focus on content protection. The new idea was 
to encrypt the content on a carrier — a disc or chip — with a 
key extracted from the physics of the carrier itself. In that way, 
the content could not be cloned without cloning the carrier too, 
at the nano level! After a few years, we spun the technology 
and the team out of Philips to form Intrinsic ID. 

C. J.: What would you say is the biggest 
misconception among electrical engineers about 
IoT security? 

Pim: It is either that security in the endpoints is not required 
or that IoT security is already done. Many engineers still think 
that one can reuse the principles and components developed 
for a PC and just apply them to the IoT environment. Given 
the huge number and cost of IoT devices, such an approach 
would not be economically viable. A new set of technologies 
is needed to secure the IoT in billions of devices. 

C. J.: What is an SRAM physical unclonable 
function (PUF)? What are its benefits and 
applications? 

Pim: Without getting too deep into the physics, a PUF is based 
on the fact every chip is slightly different due to deep sub¬ 
micron manufacturing variability, even though two or more 
chips might have been produced with the same manufactur¬ 
ing process. As a result, when a chip is initially powered up, 
its threshold voltages and other physical characteristics are 



Pim Tuyls (CEO/Founder, Intrinsic ID) 


slightly different from all other chips, enabling us to derive the 
PUF for that chip, and therefore its unique identity. 

In the case of the SRAM PUF, it is embodied in the start-up 
behavior specifically of the SRAM memory on the chip. Since 
SRAM is a standard semiconductor component that exists in all 
technology nodes and processes, and that is present on almost 
every digital chip, the SRAM PUF scales very well. It can be used 
on almost every embedded device independent of whether the 
chip was built in old technology nodes such as 180 nm or very 
new ones, such as 7 nm, which is the leading edge in today's 
semiconductor technology. Furthermore, the SRAM PUF can be 
instantiated by software and can be easily evaluated on existing 
devices. Intrinsic ID enables this with our BroadKey. 

C. J.: Is PUF technology used for microcontroller 
authentication? 

Pim: Yes, it is, and we will soon see many applications where 
it is being used. 
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Intrinsic ID 


• Focus: Embedded authentication solutions based on 
SRAM Physical Unclonable Function (PUF) technology 

• Location (HQ): Sunnyvale, CA, United States 

• Web: www.intrinsic-id.com 


C. J.: Why is PUF technology well suited for the 
IoT? 

Pim: It is present on almost every device; hence, it scales 
very well. Further, it can be used on devices that don't have 
nonvolatile memory on board and hence that don't have any 
other option. Finally, it can be implemented at a very low cost 
since the SRAM is already present on the chip and a software 
approach is possible. 

C. Many companies claim to provide IoT 
security. What is unique about Intrinsic ID? 

Pim: Intrinsic ID is unique in the fact that it brings a way 
to give every smart device an unclonable identity using the 
"fingerprint" of the chip. This means that this is low cost and 
scalable. It also solves the problem that unique identities and 
a hardware-based root of trust don't have to be injected from 
the outside, which is a costly and nonscalable proposition. 

C. J.: I've read in various places that PUF 
technology is "lightweight" alternative to 
traditional crypto solutions. How "lightweight" is 
it? 

Pim: It is lightweight in the sense that it fits on small devices. 
In our approach, we combine it with lightweight crypto solu¬ 
tions. So far, we have been able to implement it in the small¬ 
est devices such as sensors and MCUs, as well as very large 
devices such as FPGAs. 



NXP and Microsemi. BroadKey has a much wider range because 
it is delivered as software and therefore can be deployed at any 
stage of an IoT product's lifecycle. BroadKey can be applied 
by semiconductor manufacturers and OEMs toward present 
and future designs, but it can also deal with existing devices. 
We refer to this as a brownfield deployment, in contrast with 
a brand-new greenfield. 

C. J.: Can customers use your security solutions in 
currently deployed products? What if a company 
didn't design for security in the first stage 
product development? 

Pim: Yes. BroadKey in particular is targeted and suitable for cur¬ 
rently deployed products. Via an OTA, BroadKey can be down¬ 
loaded to deployed devices in the field and inject a hardware 
root of trust in those devices. We essentially enable our cus¬ 
tomers to go back in time and fix the security on their product. 

C. J.: At the RSA Conference in April 2018, you 
announced that Intrinsic ID is now securing more 
than 100 million devices. What is the significance 
of reaching that milestone? 

Pim: This is a pretty important milestone. It means our prod¬ 
ucts work in a real-life environment. It is important to note 
that we have not had one failure so far! 


C. J.: In an Intrinsic ID webinar, you were quoted 
as saying: "While Facebook connects roughly 1.5 
billion people, Intrinsic ID addresses the need 
for authentication for the Internet of Things - 
which is expected to connect more than 50 billion 
devices by 2020." That's a huge market. Can your 
solutions address security for everything from 32- 
bit chips to 8-bit chips? 

Pim: Yes, our solutions work from 8-bit to 32-bit chips. When 
I made that statement, I was trying to illustrate the magni¬ 
tude of securing the Internet of Things. The number of people 
connected by Facebook is huge, and not a trivial accomplish¬ 
ment. But it pales in comparison to the IoT's scale. And as 
your question pointed out, it's really much more difficult to 
connect so many devices at different technologies — and to 
do so securely and economically. 


C. J.: What has been the biggest business-related 
challenge you've faced since launching Intrinsic 
ID in 2008. 

Pim: I'm not sure I can come up with just one! In the early 
days, of course, the growing pains of launching a startup pres¬ 
ent a wide range of challenges, usually associated with all the 
"firsts" involved — hiring the first employees, delivering the 
first product, making the first sale. We got past those, but new 
challenges took their place. Where is the market going, and 
what should be our next product to make sure we stay ahead? 
How do we deliver on the demands from our latest customer? 
How will we be able to support users while at the same trying 
to add new customers? The challenges never really stop. They 
are just different depending on the stage where the company 
finds itself at any particular time. This is what makes it so much 
fun to build a start-up company! 


C. J.: Tell us about your core products and the 
sort of customers using them. 

Pim: We have two flagship products, QuiddiKey and BroadKey. 
Both generate an Unclonable Identity from the SRAM PUF. Quid¬ 
diKey is targeted toward semiconductor manufacturers, such as 


C. J.: What's next for Intrinsic ID? Where would 
like to see the company in six to 12 months? 

Pim: On the way toward the world's No. 1 supplier of Unclon 
able Identities for IoT devices. N 
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By C. J. Abate - Editor in Chief, Elektor Business 

Q&A with PD Campus 

On STEM Camp EDU and professional 
development experiences 



The PD Campus team comprises innovative 
educators who deliver professional development 
experiences to K-12 teachers looking to integrate 
STEM in their classes. The team comprises Founder/ 
Director Tom McGee and Lead Learners Ryne 
Anthony, Kirston Moore, Ken Ehrmann, Dylan Peters, 
Tom Guellich, Matt Rogers, and Linda Nitsche. We 
recently asked them about PD Campus, STEM Camp 
EDU, and the STEM movement. 


C. J. Abate: Tell us about STEM Camp EDU. What is 
PD Campus? 

PD Campus Team: STEM Camp EDU (www.stemcampedu.org) 
is an experience for K-12 Educators focus on the integration of 
STEM and STEAM Education. We provide attendees with high- 
level professional development differently than any other con¬ 
ference. They find themselves immersed in constant hands-on, 
high-energy activities. These activities include education-based 
escape rooms, design challenges, learning sessions, collabo¬ 
rative planning, and cardboard arcade building challenges. In 
addition to all the dynamic activities, attendees join a growing 
community of passionate educators. We dedicate lots of time 
to networking and growing our community. Educators leave 
STEM Camp EDU passionate, excited, and motivated to inno¬ 
vate education. 

PD Campus (https://pdcampus.org/) is the company that 
brought STEM Camp EDU to life. PD Campus provides high- 
level professional development to educators in multiple fac¬ 
ets. STEM Camp is one small piece to the puzzle. More exclu¬ 
sively, PD Campus facilities graduate level courses focused on 
21 st -century teaching and learning. The courses include inte¬ 
grating iPads into education, infusing Google Education Suite 
into classrooms, and STEM education. The courses highlight 
strong pedagogical strategies for effective teaching. Some of 
the courses include devices for the teachers to truly learn best 
practices. Lastly, PD Campus provides personalized professional 
development to districts across the country. Recently, PD Cam¬ 
pus assisted school districts in school openings where districts 
were launching 1:1 programs. 

C. J.: What's your business model? 

PD Campus Team: The business model of PD Campus is sim¬ 
ple: provide high-quality professional development experiences 
to educators. This business model is seen in the personalized 
professional development workshops, graduate courses, and 


STEM Camp EDU. We believe in inspiring educators to use best 
practices. The direction of the business is changing to push 
this model in all aspects of education. 

C. J.: When was your first STEM Camp EDU event? 
How did it go? Who attended? 

PD Campus Team: The first STEM Camp EDU event was July 
2016. We had 35 passionate educators mostly from Pennsyl¬ 
vania. It was a huge success. Our educators were inspired to 
incorporate STEM into classrooms and help students engage 
in more authentic learning experiences. 

C. J.: Let's discuss the curriculum. What do STEM 
educators learn during the event? Perhaps you 
can tell us about what you cover on the first full 
day? 

PD Campus Team: Educators learn about all aspects of STEM 
education. They are provided with ample opportunity to engage 
in each sphere and have the choice of which strands to dive 
deep. STEM Camp EDU has sessions including the following 
topics: Design Thinking, Creating Makerspaces, Electronics, 
3-D Printing and Design, Engineering, Coding and Robotics. 
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Most importantly, our sessions are not lecture-based how-tos. 
The sessions are small groups and all hands-on. We highlight 
the newest and most innovative products on the market, but 
most importantly how to incorporate into classrooms. Educators 
learn how to code robots, and how this activity fits into math 
classrooms K-12. They learn how to design video games and 
how those activities embed into creative writing. They design 
and 3-D print objects while also seeing how to incorporate 
inquiry-based learning into science and social studies. 

C. J.: There is a growing interest among educators 
and parents about STEM education in North 
America and Western Europe. What do you think 
is the driving force behind the movement? In the 
electronics engineering field, it's likely due to 
the revolution in affordable, easy-to-use rapid¬ 
prototyping tools such as Arduino, Raspberry Pi, 
and 3-D printers. And the fact that everyone can 
learn and share ideas via social media. 

PD Campus Team: We believe the STEM education movement is 
following industry and economy. Employers are seeking future 
employees that not only contain skills in electronics, coding, 
and engineering; but more importantly creative thinking. It's 
this thinking process that PD Campus utilizes in STEM Camp 
and all of our graduate courses. We ask educators "how can we 
utilize 21 st -century skills and resources to encourage collabo¬ 
ration, creativity, critical thinking, and communication among 
our students?" This is at the core of effective STEM education. 

C. J.: Tell us about the STEM educator field in the 
United States. I know that there have always 
been science and math teachers in the K-12 
(kindergarten to grade 12) system. What about 
engineering instructors, particularly teachers 
focused on electronics, robotics, and coding? I 
don't recall there being many teachers specialized 
in those areas when I was a child. 

PD Campus Team: To be honest, higher education universities 
were not prepared for this movement. To our knowledge, these 
degrees and specializations do not exist yet. School districts are 
pushing the passionate and talented teachers to learn about 
these strands on their own. This is where STEM Camp EDU and 
PD Campus courses fit perfectly. We thrive on the opportunity 
to work with passionate educators eager to learn. 

C. J.: Do US school systems typically employ full¬ 
time electronics instructors? Can you get certified 
in electronics? 

PD Campus Team: We do not have accurate enough information 
to answer this question. To our knowledge, in Pennsylvania, 
we do not know of this certification. 

C. J.: Where do K-12 instructors in the United 
States learn about new technologies and products 
in STEM subject areas? For instance, how does 
the average high school teacher learn about new 
electronics tools, projects, and components? 

PD Campus Team: The availability of these learning experiences 
is scarce. STEM Camp EDU has been and will continue to grow 
as the leading opportunity for educators to learn electronics 
and all STEM spheres. We hope to see our program grow and 


expand to reach all educators. This year, for the July 2018 
event, we have educators from eight different states attending. 

C. J.: When it comes to educating children, do you 
find it's easier to interest them in engineering, 
mathematics, or sciences such as chemistry and 
biology? 

PD Campus Team: We find it is easier to engage children in 
authentic and hands-on learning experiences. It takes the spe¬ 
cial design of a teacher to embed electronics into math or 
science subjects. We can successfully present students with 
hands-on, exciting, and rigorous learning experiences. These 
activities not only increase engagement, but also the amount 
of content taught. Through these dynamic learning experiences 
students learn more important skills including communication, 
collaboration, creativity, and critical thinking N 


PD Campus 


• Focus: Professional development for K12 educators 

• Location: Wyomissing, PA, United States 

• Web: www.pdcampus.org 
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By C. J. Abate - Editor in Chief, Elektor Business 

Q&A with Colin Kwan 

On MEMS technology and next-generation 
optical image stabilization solutions 



As the cell phone market continues to grow, demand 
for cutting-edge imaging solutions will only increase. 
MEMS Drive CEO Colin Kwan talks about developing 
innovative microelectromechanical system (MEMS) 
actuators and the future of image stabilization 
technologies. 


Colin Kwan (Founder/CEO, MEMS Drive) 


MEMS Drive 


• Focus: State-of-the-art MEMS actuators 

• Location: Pasadena, CA, United States 

• Web: www.memsdrive.com 


technology in 2010, involving lens design, imaging algorithm, 
MEMS actuator, application software, and wafer-level optics. 
I orchestrated our internal resources to bring this portfolio of 
technologies to commercialization. I love various advanced 
technologies. My engineering DNA and business experience 
enables me to bring together partners to make MEMS Optical 
Image Stabilization (OIS) real! 


C. J. Abate: Prior to launching MEMS Drive, you 
worked in various roles at companies such as 
DigitalOptics and Freescale. Are you an engineer 
by training? What led you into the field of digital 
optics? 

Colin Kwan: I have Electrical Engineering degree and MBA. 
My role in the past 25 years was mostly promoting advanced 
semiconductor, materials solution for various consumer and 
industrial segments. Before the booming of smartphones, I had 
been closely working with leading mobile phone OEMs to adopt 
technology that brings unparalleled user experience. I joined 
DigitalOptics for business development for their portfolio optics 


C. J.: When did you launch MEMS Drive? What is 
your mission? 

Colin: MEMS Drive is a fabless semiconductor company that 
develops, manufactures, and markets state-of-the-art MEMS 
actuators (Figure 1). Founded in 2014, our company is head¬ 
quartered in Pasadena, California, USA. The team has expe¬ 
rience in MEMS actuator design and volume manufacturing 
for more than 10 years. We have successfully realized some 
ground-breaking technology in the MEMS area. MEMS Drive's 
mission is to provide superior imaging solutions to mobile 
devices through innovation and dedication. We aim to shake 
up the future of imaging! 
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We aim to shake up the future of imaging! 




C. J.: Are you focused solely on the cellphone 
camera market? Who are your current customers? 

Colin: No. Cellphone camera indeed is our primary market cur¬ 
rently (Figure 2). Yet our first-generation MEMS OIS actua¬ 
tor — by shifting the image sensor — can be applied in many 
more areas such as drone, action camera, wearable, automo¬ 
bile, web cam, surveillance, VR, AR, low-vision glass, portable 
camcorder, and head-mount display. We're currently working 
with many tier-one OEMs, but I cannot specifically disclose our 
cooperation at this moment. We will be very happy to announce 
more in due time. 

C. J.: Tell us a bit about the current market for 
image stabilization solutions in mobile phones. 
How has the market changed over the past five 
years? 

Colin: Image stabilization technology has played a key role in 
elevating the image quality of mobile phones in the recent years. 
There are mainly two forms of image stabilization: OIS, which 
acts instantly to camera shake within one frame, and Electronic 
Image Stabilization (EIS), which works through after-shooting 
computation (i.e., multiple frames). Both have been adopted 
in high-end smart phones in recent years. While each has its 
own strength respectively, OIS fundamentally tackles the issue 
by allowing a smartphone camera to have a longer exposure 
time, which is critical for high-quality images in shaking and 
low-light environments. 

Currently, OIS technology is mainly implemented in high-end 
phones, which is less than 20% of the cellphone market. Yet 
OIS technology is gradually penetrating the middle and low- 
end cellphone markets as people have higher requirements 


for photo taking. The market for OIS in smartphones is huge. 

OIS actuator technology in mobile phones has been mainly 
dominated by a few voice coil motor (VCM) suppliers. However, 
none has been able to provide all round shake compensation. 
No matter it is VCM shifting lens or tilting lens, the roll axis is 
not able to be compensated through lens movement. MEMS 
Drive saw this as an opportunity and came out with a MEMS 
OIS actuator, the world's first five-axis (i.e., pitch, yaw, roll, 
x/y translation) optical image stabilization in mobile phones. 


Side-by-side comparisons with flagship phones like the iPhone X 
and the Samsung Note 8 have shown the overwhelming 



Figure 1: The MEMS OIS actuator 



Figure 2: An exploded view of the MEMS OIS cellphone camera 
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Figure 3: MEMS OIS actuator system operation 


advantages of MEMS OIS over VCM OIS. This gives us confi¬ 
dence that MEMS OIS has great potential. 

C. J.: What are the benefits of MEMS OIS? 

Colin: MEMS OIS is a MEMS actuator that sits underneath the 
image sensor. By moving the image sensor in the x/y plane in 
a very fast and precise way, MEMS OIS counteracts undesired 
vibrations that cause image blur while taking a photo. It makes 
fundamental changes on a camera module's mechanical sys¬ 
tems and breaks through the limitations of conventional VCM 
OIS, which works through lens movement. We have found 
from mobile phone users that all five axes shake the moment 
a photo is taken. Thus, a picture will become blurry if any of 
these five axes is not properly compensated. MEMS OIS has 
sub-micron accuracy and in-position compensation within 10 
ms. It is ultra-low power (e.g., 50-plus times lower than tra¬ 
ditional VCM OIS), which is extremely beneficial for mobile 
phones and other portable devices. Our MEMS actuator is fully 
compatible with all AF system and lens designs. It is highly 
automated for mass production. MEMS OIS also has compet¬ 
itive advantages when applied in dual/triple cameras since it 
causes no magnetic interference. 

C. J.: Is the main function of your product to 
provide an anti-shake solution? 

Colin: MEMS OIS provides more than camera shake compen¬ 
sation (Figure 3). The precise and fast movement of an image 
sensor, when combined with a software algorithm, can realize 
many new imaging features such as super resolution, 3-D, 
deblur, and more. We're seeing more and more applications 
based on this image sensor movement technology. It is open¬ 
ing up new opportunities in photography and machine vision! 

C.J.: You showcased your five-axis OIS technology 
in smartphones at the Consumer Electronics Show 
earlier this year. Tell us about the experience. 
What sort of feedback did you receive? 

Colin: It was the first time the mobile phone industry saw 
five-axis OIS in a smartphone. Our side-by-side demo with 


high-end flagship phones showed the advantages of MEMS 
OIS over the traditional VCM OIS. We were very excited that 
MEMS OIS garnered huge appreciation from our customers as 
well as industry partners. 

C.J.: Where do you see OIS technology going in 
the next five to 10 years? 

Colin: The OIS market will be tremendous in the next five to 
10 years. OIS solutions such as MEMS OIS — with its high 
performance, small size, and low-power consumption — will 
have huge potential in the market. We should also note that 
as a bigger CMOS sensor requires a bigger and heavier lens, 
this will create a challenge for VCM OIS with a limited form 
factor. Sensor-moving OIS technology will be a good option 
for a bigger and heavier plastic lens or even a glass lens. With 
the adoption of better OIS technology, getting mobile imaging 
products to the DSLR level is becoming real! 

C.J.: What has been most rewarding about 
launching and running a hardware startup? 

Colin: Building a brand-new imaging platform based on image 
sensor shift has been rewarding for us. We are proud to be 
doing something that has never done before in the industry! 

C.J.: Do you have any advice for other innovators 
interested in launching hardware startups? 

Colin: Be sensitive to market trends and stay close to your 
customers' requirements. Prepare for the changes — includ¬ 
ing market, economy, competition — that will occur during the 
course of bringing your product to market. Perseverance plays 
a key role in evangelizing a new technology. 

C.J.: Where would you like to see MEMS Drive a 
year from now? Launching new products? 

Colin: We will be mainly focused on the delivery of MEMS OIS 
to our customers in the coming year. MEMS OIS applications in 
areas other than cellphone will also be a big part of our goal. M 
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By C. J. Abate - Editor in Chief, Elektor Business 

Q&A with David Henderson 

On developing precise closed-loop 
positioning solutions 



Since 2002, David Henderson has been focused 
on developing small precision motion technologies 
that are lower power and less expensive than 
other products on the market. Today, his company, 
New Scale Technologies, is pursuing solutions for 
a wide range of applications, including laboratory 
automation systems and collaborative robots. 

C. J. Abate: Tell us a bit about your background as 
an engineer. 

David Henderson: I am a Mechanical Engineer with an MBA. My 
engineering work includes many new product designs as well 
as inventions that produced more than 15 US patents. My sys¬ 
tem expertise includes actuators, motion control, mechatronic 
systems, and robotics. 

C. J.: What inspired you to launch New Scale 
Technologies in 2002? 

David: I started the company with the goal of providing "Min¬ 
iature Precision." I wanted to create a mechatronics team that 
improves existing precision motion technologies by making 
them smaller, lower power, and less expensive. Much of the 


David Henderson (Founder/CEO, New Scale Technologies) 


inspiration came from the needs of the optics industry and 
the tiny devices being created for imaging and optical fiber 
communications. A question I like to ask photonics engineers: 
"Photons are really small, why are your optics so big?" Many 



Figure 1: M3 block diagram 
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Embedded motion makes 


times, the reason is the legacy or larger optomechanical and 
motion systems. In general, motion system miniaturization has 
not kept pace with optoelectronics. One exception is the incred¬ 
ible performance and small size of your smart phone camera 
with embedded focus and hand shake correction. I think all 
mechatronic engineers should be inspired by these products. 

C. Tell us about the Squiggle motor. Can 
you give us a summary of the story behind the 
Squiggle motor patent? Did you initially set out to 
solve a customer's problem that required a mini, 
reduced-voltage motor? 

David: In the 1990s, the commercial potential for making tiny 
motors, powered by piezoelectric generated ultrasonic vibra¬ 
tions, was emerging. The Squiggle motor uses ultrasonic vibra¬ 
tions that are "wrapped" around a screw to increase force and 
reduce speed. The result was a very small ultrasonic motor 
with comparably higher force and better precision. In 2003, our 
first Squiggle motor was about 12 mm diameter and required 
hundreds of volts. The drive electronics were the size of a 
paperback book. By 2008, we had reduced the Squiggle motor 
size to 1.8 x 1.8 mm and the voltage to 3 V. Even more dra¬ 
matically, the drive electronics were reduced to a single ASIC. 

C. J.: When New Scale announced the SQL- 
1.5 piezoelectric motor in 2007, the typical 
applications that you mentioned for the product 
were phone cameras and medical devices. Tell us 
about some of the products in which it has been 
implemented since 2007. 

David: We started pursuing mobile phone cameras in 2005 and 
were very close to adoption by 2010. However, by 2012, nearly 


great products smaller. JJ 


all camera phones used voice coil motors (VCM) for focus. The 
key reasons were lower price and shifting system specifications 
that favored VCMs. By 2012, we had "pivoted" the company 
to medical, industrial, aerospace, and defense markets. Our 
core products today are micro-mechatronic modules (M3) that 
provide embedded rotary and linear motion is the smallest and 
most demanding applications (Figure 1). 

C. J.: Tell us about your M3 "all-in-one" smart 
modules. In addition to the Squiggle micro motor, 
what's inside? 

David: Our essential message is: "Embedded motion makes 
great products smaller" (Figure 2). All M3 modules integrate 
a tiny piezoelectric SQUIGGLE or UTAF motor, drive electron¬ 
ics, position sensor, precision mechanisms, and microprocessor 
with embedded closed-loop firmware. Customers only need to 
provide 3- to 6-V DC power and serial digital commands. The 
unique value of our M3 motion modules is the elimination of 
separate electronics. This is a paradigm shift for our markets. 
Prospective customers do not expect an embedded solution 
and many look under the table for the "hidden" electronics. 
Communicating the unique value of our all-in-one systems our 
biggest marketing challenge. 


New Scale Technologies 


• Focus: Embedded micro motion systems 

• Location: Victor, NY, United States 

• Web: www.newscaletech.com 
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Figure 2: M3-LS-3.4-15 Linear Smart Stages in two-axis (XY) configuration 
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C. New Scale offers custom engineering 
services. Can you share some details about one or 
two recent projects 

David: We engage many customers that need small motion 
modules with unique specifications. This development work is 
completed as a customer funded project with the potential to 
become a regularly manufacture product. 

A recent project created completely new two-axis beam steer¬ 
ing module that uses two rotating mirrors on orthogonal axes. 
The beam range is ±40° and the closed-loop position resolu¬ 
tion is 0.05°. The module thickness was only 6 mm and can 
fit inside the display of a laptop computer. 

Another project created an improved version of the M3-F Focus 
Module. The new M3-FS focus module has the same external 
dimensions with upgrades that include: 

• The lens diameter increases from 12 to 16 mm 

• The pin-bushing bearing guide is replaced with zero clear¬ 
ance higher precision ball bearings to reduce lens tilt. 

• The polymer housing and carriage are machined and black 
anodized aluminum. 

C. 1: Are any of your customers using your 
motors and motion systems in interesting ways? 
Perhaps a company that has used your product in 
a novel way that you didn't anticipate when you 
launched the company? 

David: Many researchers purchase our M3 developer's kits 
and pursue very creative ideas. One group uses our Squig- 
gle motors to make a Braille display that is an array of pins 
that move up and down. The small size and off-power hold of 
Squiggle motors enabled this demonstration. 

C. J.: What's next for New Scale? 

David: We are pursuing system solutions for end-users in Lab¬ 
oratory Automation and Industrial Automation markets. In 
laboratory automation, our Multi-Probe Manipulators (MPM) 
are used by neuroscientists to position micromachined silicon 
probes for acute recording in mouse brains. Fifteen or more 
M3 stages are integrated in a very small system that quickly 
and accurately positions the probes and increases the quality 
and quantity of electrical data. 

In industrial automation, we just introduced a new precision 
smart gripper for collaborative robots. Under the New Scale 
Robotics (NSR) brand, we have launched the NSR-PG, Precision 
Parallel Gripper. This gripper plugs-and-plays with the Univer¬ 
sal Robots (UR) robots in less than 30 minutes. This gripper is 
an all-in-one mechatronic system with URCaps software that 
enables the customer to "teach" the gripper using the same 
application as the robot. M 


CAN FD 
Quadruplet for 
M.2 Interfaces 



Darmstadt, Germany-based PEAK-System has expanded 
its CAN FD product line with the PCAN-M.2 Four Channel 
card. Thanks to the mounted expansion board on the main 
board, four CAN FD channels are available for comput¬ 
ers. Connection to CAN buses is made using the supplied 
connection cables with a D-Sub connector. Each CAN FD 
channel can transmit a maximum of 64 data bytes of a 
CAN FD frame at bit rates of 20 kbps up to 12 Mbps. Each 
channel is also galvanically isolated up to 300 V and can 
be terminated. 

As with the single- and dual-channel versions, the PCAN-M.2 
Four Channel card in form factor 2280 has a contact strip 
with B+M key. The length can also be adjusted from 80 to 
60 mm via a predetermined breaking point. The card can 
be used on any motherboard size from Mini-ITX to E-ATX. 
Thus, the plug-in card is suitable for desktop and industrial 
PC cases of various sizes. Especially for embedded sys¬ 
tems — such as those found in motor vehicles, railways, 
and aircraft — the CAN FD interface is ideal due to its size 
and compactness. 

Device drivers are available for Windows (10, 8.1, and 
7) and Linux. The programming interface PCAN-Basic, an 
API for the development of applications with CAN and CAN 
FD connection, and the monitor software PCAN-View are 
included. 


www.peak-system.com 
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By C. 3 . Abate - Editor in Chief, Elektor Business 

Q&A with Pete Smith 

On new sensor solutions for the Industrial 
Internet of Things 


Accurate, reliable sensors (e.g., position and 
temperature) are key component for the 
Industrial Internet of Things (IIoT) applications. 
TE Connectivity Senior Manager Pete Smith tells us 
about fascinating new sensor products and shares 
his thoughts on the future of the IIoT. 


Pete Smith (Senior Manager, Sensor Product 
Knowledge and Training, TE Connectivity) 

C. J. Abate: Tell us a about your background. 

When did you start at TE Connectivity? 

Pete Smith: I came to TE through the acquisition of 
Measurement Specialties in 2014. However, I've been 
involved with sensors and the sensor industry since 
1971 (47 years). I've worked in product engineering, 
manufacturing/operations, and sales/marketing throughout 
those years gaining knowledge and expertise in a wide 
variety of sensor products and technologies. 

C. J.: What are you currently working on? 

Pete: Today, I'm the senior manager of TE's product knowledge 
and training group where we prepare and present content used 
to train employees and support various functions within the 
division. We also provide services to the TE marketing team 
to support the campaigns they prepare for live presentations, 
new product introductions, print, web-based, social media- 
based, and digital marketing. 


I L 


TE Connectivity 


• Focus: Manufactures sensor and connectivity products 
for harsh environments 

• Location (HQ): Schaffhausen, Switzerland 

• Web: www.te.com 


C. J.: Many engineers and executives define the 
terms "Industrial Internet of Things" (iloT) and 
"Industry 4.0" in different ways. How do you and 
your colleagues at TE Connectivity define each 
term? 

Pete: Some in the industry use the terms interchangeably. 
There are distinctions, however. IIoT is a subset of the "Inter¬ 
net of Things" (IoT). IIoT focuses on applications that occur 
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ti Accuracy, reliability, and timeliness are absolute 

requirements for IIoT systems. 




Figure 1: The Mini-Hub Wireless Multi-Sensor Module 



Figure 2: The M5600 Wireless Pressure Transducer 


on factory floors and in manufacturing settings. IoT generally 
addresses the ubiquitous interconnection of consumer prod¬ 
ucts, smart home, wearables, and commercial applications 
where a failure doesn't result in a critical or emergency sit¬ 
uation. IIoT does the same in the manufacturing space but 
with focus on data transfer, management of mission critical 
information, and low latency (instant) reactions and responses. 
Accuracy, reliability, and timeliness are absolute requirements 
for IIoT systems as failures can result in substantial mate¬ 
rial losses, financial losses, and compromised safety to the 
operators and owners. Industry gathers around IIoT. Industry 
4.0, on the other hand, is a governmental initiative (started 
in Germany) whose objective is to protect and promote all 
manufacturing industries. IIoT implementation is just one 
aspect of their efforts. They also work on making the reg¬ 
ulatory landscape more friendly, smoothing labor relations, 
presenting and promoting new technologies and manage¬ 
ment techniques, among other efforts. IIoT is being driven 
by corporate interests, while Industry 4.0 is being driven by 
institutional and governmental interests. 

C. 1: What trends are you seeing in Industry 4.0 
for sensors? 

Pete: The IIoT part of Industry 4.0 focuses on real-time data- 
driven decisions made in a factory setting with the objective of 
improving efficiency, utilization, and yields. All this is accom¬ 
plished by collecting and analyzing data from machines and 
equipment on a factory floor. The data is then used as the 
basis for analytics where results and outputs are generated 
and routed back to the factory floor. This information is applied 
to the same machines and equipment, altering their operation 
to achieve the desired improvements. All the front-end data 
is supplied by sensors, and as such, the addition of sensors to 
factory equipment is starting to emerge as a major new mar¬ 
ket. We currently estimate that sensor sales will grow at CAGR 
of 5% to 10% through 2025 in IIoT applications. 

C. 1: Tell us a bit about TE Connectivity's Industry 
4.0 customers. 

Pete: Some of the areas where we're starting to see traction 
are: remote inventory management in gas and air tanks; petro¬ 
leum well-head monitoring; remote water- and liquid-level mon¬ 
itoring; gas meters for energy transportation; factory machine 
condition monitoring to drive periodic maintenance and reduce 
downtime; and factory infrastructure to monitor shared ser¬ 
vices (compressed air, vacuum, chilled water). 

C. 1: What is involved with assisting customers 
with retrofitting existing equipment? Is it a long 
process from sale to completion? 

Pete: Most customers determine on their own what factory 
parameters they want to monitor. They then come to us 
for assistance in selecting the best sensor solution. Actual 
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installation of sensors on the factory equipment can take time 
because the equipment must be shut down during sensor instal¬ 
lation and most factories can't do without critical equipment 
for long periods of time. Retrofit requires planning. 

C. J.: Which requirements are you finding relate 
to customers who work with existing machinery 
and processes? 

Pete: Customers require sensors to be extremely rugged, reli¬ 
able, accurate, and able to survive harsh environments. Equip¬ 
ment failure can be catastrophic on a factory floor, and there 
are no margins for errors. 

C. J.: Even if customers are not fully implementing 
IIoT, do you see sensors still playing a role in 
Industry 4.0? 

Pete: In general, yes. Factory operators may want to implement 
IIoT concepts and systems on a highly localized level where 
they might be monitoring just a portion of a production line, 
or even one critical machine on the line. IIoT principles are 
highly scalable in either direction. You can go smaller or bigger. 

C. J.: How are you designing sensors to work 
in Industry 4.0 even though customers are at 
different stages of maturity? 

Pete: TE Sensor Solutions has focused on sensor products 
that are designed for harsh environments, high reliability, and 
accurate performance. Because of this, many of our current 
products easily fit into IIoT applications without any modifi¬ 
cations or changes. 

C. J.: TE develops Industry 4.0 sensors for 
a variety of uses, specifically predictive 
maintenance, asset monitoring, building 
automation, process automation, and security. 
Which of these five areas has delivered the most 
business during the past year? 

Pete: Over the past year, process monitoring and automation 
has produced the most revenue. 

C. J.: Are there any new TE Connectivity sensors 
or technologies you'd like to share with us? 

Pete: There are two areas where we are focusing. Multi-sensor 
modules — where several sensor technologies are contained 
in a single enclosure (Figure 1). Often, factory monitoring 
requires the collection from several data sources — pressure 
(Figure 2), temperature, force, position, etc. — from a machine 
or process. Offering a single sensor package with several unre¬ 
lated capabilities inside provides the user with lower instal¬ 
lation and operation costs. Wireless sensors — TE has just 
introduced a small group of wireless sensors designed spe¬ 
cifically for factory equipment monitoring. Wireless capability 
dramatically reduces installation costs on a factory floor and 
provides improved flexibility when a machine or process must 
be moved or modified in some way. 


C. J.: In a February 2018 report titled "Internet 
of Things Cybersecurity Readiness," Chicago- 
based security services firm Trustwave noted 
that "although most organizations surveyed plan 
to increase adoption of IoT into operations, only 
28% consider security strategies specific to IoT 
as 'very important.'" Twenty-eight percent is a 
surprisingly low number. Have you found that 
companies aren't taking IoT security seriously 
enough? What's TE Connectivity's take on IoT 
security? 

Pete: We believe security is a critical part of making IIoT suc¬ 
cessful. Many industries are in the business of producing prod¬ 
ucts that are critical to the smooth operation of our society. 
As industries and companies implement IIoT, it's extremely 
important to protect these assets in every way possible. The 
goal is simple — no disruptions. 

C. J.: Where is the Industry 4.0 revolution 
heading? What's next? 

Pete: Serious IIoT is starting to get traction now. More compa¬ 
nies and industries will implement systems and report results, 
and if positive, there will be a stampede to IIoT in a few years. 
Today, from a supply perspective, IIoT hardware and services 
are fragmented. Many companies are offering only parts of 
a complete IIoT solution. Going forward, there may be some 
consolidation with IIoT suppliers. Some companies will be able 
to offer turnkey capabilities to customers. (There are none 
now.) Factory machine manufacturers will begin to offer "IIoT 
Ready" equipment already populated with the latest sensor 
technologies. The good news for TE Sensor Solutions is that 
sensors are hard, we're good at them, and there will always be 
a need for our products no matter how the industry changes 
and evolves. W 
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Improved Metal 
Core PCBs 



Thanks to the significant increase in demand, Multi Circuit 
Boards Ltd. (Multi-CB) has improved its offer for alumi¬ 
num core printed circuit boards (PCBs). At the same time, 
its prices have dropped due to increased sales. Multi-CB's 
online PCB calculator now offers high-quality aluminum 
core material with a thermal conductivity of 2.0 W/mK 
and a standard 6 working days (WD) for production time. 
Express production is possible from 2 WD. 

According to Multi-CB, its standard aluminum core material 
(2.0 W/mK, insulation 100 pm) has up to 92.3% better 
heat dissipation than the usual market material (1.3 to 
1.6 W/mK, insulation 100 to 125 pm). The improved heat 
dissipation allows for higher packing density, more stable 
operating parameters, higher reliability, and longer life. (It 
is ideal for laser diodes.) 

Customers benefit from Multi-CB's many years of experience 
with aluminum core PCBs, which are also known as Insulated 
Metal Substrate (IMS) PCBs. Aluminum core material with 
a thermal conductivity of up to 8.0 W/mK is available for 
the highest demands. Furthermore, Multi-CB also supplies 
plated-through, two-layer aluminum core circuit boards. 

All parameters can be viewed in Multi-CB's innovative online 
calculator for PCBs. The standard parameters include: alu¬ 
minum core thickness 1.5 mm with 100-pm insulation (2.0 
W/mK) and 35-pm copper, surface HAL lead-free, white 
solder resist, scoring and milling. Inclusive are the E-test 
and an intensive Design Rule Check (DRC). The DRC helps 
to identify mistakes in advance. 

Optionally, Multi-CB offers a variety of aluminum, insu¬ 
lation and copper thicknesses, various solder resist and 
legend print colours, chemical gold surface finish (ENIG) 
and Z-axis milling/countersinking. The manufactured cir¬ 
cuit board can also be delivered UL-certified. 

Beyond IMS PCBs, Multi-CB also supports its customers in 
other aspects of thermal management, such as thermal 
via arrays, design and building circuit boards, and thick 
copper circuit boards. 

www.multi-cb.eu 
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More Effective 
Security Tactics 

at the Microcontroller Level 


By Mark Patrick — Technical Marketing Manager, Mouser Electronics 

Recent Internet of Things (IoT) security breaches have taught us that embedded systems are sought- 
after targets for attackers. To address the threats, engineers must rely on more than just software-based 
solutions. They need to consider security at the microcontroller level. 


Cybersecurity threats are genuine worry for all of us — as 
nobody is truly invulnerable from their effects. There have 
been a series of major attacks in recent times, many of which 
have had huge consequences for the organisations involved 
and subsequently filtered down to impact us as individuals. 
What is more, the rate of these attacks shows absolutely no 
sign of slowing down — if anything the regularity with which 
they occur is only going to accelerate. 

Attacks do not just hurt an organisation financially, they can 
leave a long-term scar on its reputation too. Customers/users 
may be put off by hearing of security breaches and start looking 
for an alternative option that they deem to be safer. Ensur¬ 
ing that adequate protection is in place is therefore strongly 
advised. 

Back in May of last year, the susceptibility of computing sys¬ 
tems was made apparent by the notorious WannaCry strike. 
In particular, this malicious software was able to hit Britain's 
National Health Service (NHS), as well as some of Spain's 
largest companies (including Telefonica), causing computers 


and their data to be locked up and held until ransom payments 
were made. The attack launched upon the NHS was coordi¬ 
nated and managed with the objective of infecting as large a 
number of computers across the expansive public healthcare 
service's operations as possible within a period of just a few 
hours — giving cybersecurity teams very little time in which to 
react once it had first been detected. Its potency was mainly 
due to the fact that as a worm it had the capability to quickly 
spread within the networks involved, passing rapidly from one 
system to the next. 

This ransomware incident brought about major disruption in 
hospitals all over the UK, leading to them diverting emergency 
patients to other facilities and cancelling operations. Attacks 
on healthcare providers around the world have been on the 
increase since then, as these systems contain valuable private 
information, including both medical and financial records, and 
are in many cases not as well protected as they really need to 
be. Countless other business sectors and government agencies 
have been subject to ransomware attacks too. Only a month 
after WannaCry had hit, the NotPetya worm caused havoc within 
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In order to protect their embedded systems, 
developers need to give consideration to security at 
the initial stages of the design. 


banks and utility companies across Eastern Europe. 

So what needs to be done to protect embedded system imple¬ 
mentations from the growing cyber menace? Traditionally devel¬ 
opers have been able to rely on software-based solutions of 
some form — such as passwords, encryption and authentica¬ 
tion. However, this is simply not enough anymore. Far high 
degrees of protection are now clearly being mandated — and 
these need to have hardware as well as software aspects. 

In general, connectivity (whether it is wireline or wireless in 
nature) is now an important part of modern embedded system 
design. The problem with this is that it only serves to open up 
more attack surfaces to prospective hackers. Consequently, new 
protection methods need to be applied. The scope of possible 
threats has expanded too — in addition to potential malware 
injection, firmware substitution, eavesdropping, identity theft 
and unauthorised network connection, there is the possibility 
of remote IoT nodes being subjected to physical damage, plus 
the growing popularity of various other underhand practices to 
factor in — like counterfeiting and reverse engineering. 

The security functions and operations that are now being incor¬ 
porated into microcontrollers — such as built-in security blocks, 
strong cryptographic/authentication engines, key manage¬ 
ment features, tamper detection and prevention mechanisms, 
protection of external memory and encryption/decryption of 
communication protocols — are all of significant value when 
combatting the hacker fraternity. Additionally, through the 
use of on-chip accelerators or inclusion of a co-processor IC 
to accompany the microcontroller, such operations can poten¬ 
tially be accomplished while not impinging upon the overall 
system performance. 

Supplied in TSSOP-28 and VQFN-32 package formats, Infine¬ 
on's OPTIGA family (Figure 1) of trusted platform modules 
(TPMs) have been designed in accordance with the stringent 
specifications set out by the Trusted Computing Group (TCG). 
These microcontroller security ICs provide hardware accel¬ 
erators for asymmetric encryption techniques (such as ECC 
and RSA), as well as SHA-1 and SHA-256 hash algorithms. 


Through their use, the encryption and decryption off data can 
be offloaded from the microcontroller (so that its resources 
can be re-focused onto other activities). As a consequence, 
security will no longer need to have a detrimental effect on a 
microcontroller's operational performance. The TPMs support 
an operating temperature range covering -20°C to +85°C, with 
an extended range version covering -40°C to +85°C available 
for industrial embedded deployments. 

Featuring integrated cryptographic hardware accelerator capa¬ 
bilities, the ATECC608A from Microchip (Figure 2) provides the 
data security and authentication required by resource-limited 
embedded designs (such as those that will be used to construct 
widely distributed networks of IoT nodes). It is able to perform 
asymmetric cryptography operations (based on ECC and ECDSA 
algorithms) as much as lOOOx faster than software running 
on standard microprocessors or microcontrollers. This highly 
sophisticated security IC takes care of identity authentication 
and session key creation, with support for numerous key gen¬ 
eration protocols (such as TLS 1.2 and TLS 1.3). Its symmetric 
AES-ECB Block Cipher mode offers support for small message 
encryption — thus dramatically reducing the communication 
overheads associated with encryption/decryption of small mes¬ 
sages or personally identifiable information. Another attractive 
attribute of this device in an IoT context is its key generation 
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for software download. This is a useful feature in IoT device 
management, enabling authentication of firmware-over-the- 
air (FOTA) updates when they are sent out to network nodes. 
The ATECC608A's secure boot capabilities protect IoT nodes 
from threats during boot up (through corruption of boot code 
prior to this), allowing a root of trust to be established when 
nodes are activated. 

Featuring numerous tamper detection mechanisms, plus secure 
boot functionality, Maxim's MAXQ1061 secure cryptographic 
controller IC offers elevated degrees of secure key storage. 
Private key management ensures that unauthorised access 
cannot be gained. On-chip key generation relies on a random 
number generator and certificate verification. Without verifi¬ 
cation, TLS handshaking is not possible, which stops hackers 
from being able to communicate with the chip. Furthermore, the 
128-bit AES encryption engine enables high levels of security 
to be maintained through the support of AES-GCM (SP 800- 
38D compliant) and AES-ECB (SP 800-A compliant) modes. 
Signature verification is employed to protect the system during 
boot up, with the hacker prevented from accessing data from 
the host processor without a signature. 

In order to protect their embedded systems, developers need 
to give consideration to security at the initial stages of the 
design, rather than leaving it to the end, when it will be more 
difficult to address. Coupling software, hardware and architec¬ 
tural security, as well as diagnostic/verification considerations, 
together enables a more secure layer of protection than hav¬ 
ing these solutions work independently of one another. Tak¬ 
ing a holistic approach — where security is considered from 
respective software, hardware and architecture standpoints — 
will offer far greater protection than having isolated solutions 
installed for each. Also, rather than putting the responsibility 
for security onto the already under strain system microcon¬ 
troller, the inclusion of an addition IC into the design that is 
devoted specifically to dealing with security concerns is likely 
to prove far more efficient. M 


The Author 

Mark Patrick joined Mouser Electronics in July 2014 having 
previously held senior marketing roles at RS Components. 
Prior to RS, Mark spent 8 years at Texas Instruments in 
Applications Support and Technical Sales roles and holds a 
first class Honours Degree in Electronic Engineering from 
Coventry University. 



Low-Cost, 

Open-Source 

Serial-to- 



Ethernet WIZ750SR/ 


WIZ752SR Series 



WIZnet's new serial-to Ethernet WIZ750SR/WIZ752SR 
series complies with WIZnet's low-cost and open source 
policy. The new modules were designed to be pin-to-pin 
compatible with WIZnet's existing serial-to-Ethernet mod¬ 
ules. However, the average price of the new modules is 
up to 40% cheaper due to WIZnet's SoC chip, W7500(P), 
which is specialized for serial to Ethernet. 

By using the identical hardware and software platforms, 
the new WIZ750SR/WIZ752SR series supports both 1 and 
2 port serial. The setting message formats and protocols 
were also unified so that the same configuration tool could 
be used to control the modules. Both GUI- and GLI-based 
(Command Line Interface) configuration tools are provided.. 

All the firmware and source code for the setting tool are 
open and available at WIZnet's GitHub page for custom¬ 
ers who want to customize. The hardware schematics are 
also publicly available for customers who wish to use the 
W7500(P) chip instead of the module for cost reduction. 
Lastly, WIZnet also provides customization service for 
customers who need technical support and customization 
advice for their serial-to-Ethernet projects. 

Refer to WIZnet's document wiki (https://wizwiki.net/) for 
documentation including a startup guide, user's guide, and 
datasheets. Visit the WIZnet Developer Forum (https:// 
forum.wiznet.io/) for technical support. GitHub reposito¬ 
ries are also available: WIZ750SR (https://github.com/ 
Wiznet/WIZ750SR) and WIZnet S2E Tool (https://github. 
com/Wiznet/WIZnet-S2E-Tool). 

www.wiznet.io 
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Embedded Systems 
Consulting 

An insider's view 

By Piotr Krol — Embedded Systems Consultant, 3mdeb 


Are you an entrepreneurial engineer who loves microcontrollers, embedded programming, prototyping, and 
solving complex embedded systems-related problems? If so, then a job as an embedded systems consultant 
might be right up your alley. Just be sure to read this article before you quit your day job. 



Most embedded systems engineers won¬ 
der at some point about leaving their day 
jobs to launch a consulting business. The 
thought first crossed my mind while I was 
working for a large international corpora¬ 
tion. But at the time, I was naive to the 
process of launching and growing my own 
business. And unfortunately, there were 
not many reliable, up-to-date resources 
on the topic. (Embedded systems guru 
Jack Ganssle's article, "A Guide to Being 


a Consultant," is an exception that I 
highly recommend.[1]) 

In this article, I describe how I laun¬ 
ched an embedded systems consulting 
company (3mdeb), and I detail some of 
the problems I faced while building the 
organisation. I assume you have some 
experience in embedded systems, or a 
related field, and that you are conside¬ 
ring a change in career. 


Getting started 

Reality usually does not meet our expec¬ 
tations. That is why I recommend that 
you try freelancing before making laun¬ 
ching your own business. Before I made 
the decision to leave the corporate world, 
I worked part time for over six months $s 
freelancer through various popular web¬ 
sites. It was a valuable experience that 
enabled me to learn about many of the 
critical parts of running an embedded 
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systems consulting business. I gained 
several key insights: 

• Deadlines matter. Your core engi¬ 
neering work must always get done 
on time despite any problems you 
encounter with customer- or busi¬ 
ness-related issues. 

• Focus on customer relations. It is 
crucial to explain technical subjects 
in nontechnical ways to help your 
customers understand what can and 
cannot be done. 

• Project planning and estimation are 
essential. It is impossible to learn 
about planning by reading a book or 
watching a video. Freelancing helped 
me gain experience at planning and 
estimating projects for clients. 

• Create a project pipeline. No new 
customers will mean no paycheck 
next month. 

• Legal, accounting, and marketing 
are important. When you work as 
an engineer for someone else, these 
key business tasks are handled 

by your colleagues. But when you 
launch your own business, you need 
to get involved. 

Initially, I thought that it would be pos¬ 
sible work without strict work plans and 
processes, but I quickly learned that buil¬ 
ding a business requires solid planning and 
structure. It is important to understand 
that embedded systems projects typically 
involve many unexpected issues, so the 
more structure and predictability you can 
bring to a job the more rewarding it will be. 

From dream to action 

There are tons of questions you must 
answer before you start freelancing and 
ultimately launch your consulting busi¬ 
ness. Let's review a few of the most 
important questions. Ask yourself: How 
much time I can spend each week/month 
outside of my day job on side projects? 
Does my current contract allow me work 
for other people/companies? Which tech¬ 
nologies interest me the most? 

As you consider your schedule, I suggest 
you consult with your family and friends. 
Your work hours should be clearly defined 
(e.g., 9 AM to 5 PM for regular work and 
8 PM to 12 AM for side projects). I know 


from experience that working eight hours 
at regular job and then a couple of hours 
on side projects can be exhausting. So, 
you should remember to keep healthy 
and be careful about pushing your limits. 
Time management is very important, so 
be sure to account for things like your 
commute time and overtime at your cur¬ 
rent daytime gig. 

During this early phase of the process, 
you might also want to consult with a 
lawyer. While contracts vary from emp¬ 
loyer to employer and employment laws 
differs from country to country, you will 
likely find it beneficial to discuss such 
things with a legal expert so you can 
avoid conflicts of interest. 

Publish your profile 

In this digital era with hundreds of social 
media channels, it is important to build 
a professional profile. While there are 
tons of books about personal branding 
and building an online presence on the 
Internet, consider the following tips 
about building a good profile. 

• Provide a clear and concise overview 
about yourself. You must include an 
understandable introduction and key 
points about your skills that will ena¬ 
ble a potential customer to unders¬ 
tand the type and quality of work 
she or he can expect from you. 

• Offer project samples. You can drive 
engagement with potential custo¬ 
mers by providing pictures and short 
descriptions of your projects and the 
technologies you have implemented. 
You'll quickly find that your project 
documentation will be key marketing 
material. (When working on future 
projects, be sure to document your 
work so you can share your expe¬ 
riences with potential clients.) 

• Visibility matters. It should be easy 
for potential clients to find you, so 
make sure you are listed on free¬ 
lancing websites, professional pro¬ 
files websites, and technical com¬ 
munities and forums related to your 
areas of expertise, such as Elektor 
Labs (www.elektormagazine.com/ 
labs) and Stack Overflow (www.sta- 
ckoverflow.com). 

Your profile, which should be consistent 
across various social media platforms, 
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should serve as a good foundation for 
your personal website and eventually 
your business's site. Once you pub¬ 
lish a site, consider writing blog and 
being active in social media since those 
are reasonably inexpensive marketing 
methods. 

Let's say you've created a thorough pro¬ 
file and published it on most important 
freelance websites. What's next? 

You have a few options. You can start 
bidding on every posted project in your 
area of expertise, or you can wait for 
potential clients to find you. Since neither 
option is ideal, I suggest that you study 
each freelancing service to understand 
how others use it, as well as its pros and 
cons. Sooner or later you should get your 
first customer. 

Early on, I was lucky enough to get most 
of my projects through direct invitati¬ 
ons. I never bid projects that I was not 
100% sure I could finish under budget 
and on time. 

Client work 

Without diving deep into the minutiae 
of project management, I can describe 
three general project phases: on-boar¬ 
ding, execution, and closing. Let's review 
each phase. 
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On-boarding is the phase where engi¬ 
neers make the most mistakes. Miscom- 
munication with clients, poor planning, 
and over-optimistic pricing and delivery 
dates all can cause terrible results, which 
is why I follow a few rules. 

• Always schedule an introductory call 
with new customer. If a customer 
doesn't have time to talk about pro¬ 
ject, it is a bad sign. 

• Get paid for performing complex 
project estimates. Embedded sys¬ 
tems projects are complex and crea¬ 
ting an estimate and preparing a 
scope of work (SOW) typically takes 
a significant amount of time. For 
these reasons, preparing an estimate 
for a client can be a project in itself. 
Make sure you get paid for this work. 

• Never provide estimates without 
having the necessary hardware (or 
at least the development board 

on which the target hardware is 
based) on hand. Embedded sys¬ 
tems development can be surprising. 
We've all dealt with buggy designs, 
insufficient documentation, and a 
lack of vendor support, so don't 
create another possible obstacle by 
committing to a hardware platform 
you're unfamiliar with. 

• Be honest with yourself and clients. 
Explain what the client can reaso¬ 
nably expect based on the provided 
resources and do not forget to write 
down limitations. 

The execution phase of the process 
requires additional communication with 
your customer to address their needs. 


Communication is something that many 
engineers have problems with. It requi¬ 
res patience, understanding, and a clear 
mind to address all issues without cau¬ 
sing more problems. Furthermore, during 
this phase, remember to take notes and 
prepare documentation. Documenting 
operational technology (e.g., how to get, 
build, and deploy embedded software) for 
a customer may be even more import¬ 
ant than correct function descriptions in 
header files. Also, be sure to use modern 
development techniques and tools. 

Finally, you must close the project. If the 
previous phases where addressed cor¬ 
rectly, you should have a nicely packa¬ 
ged solution for your client. Delivery 
of a release package is very important 
because your customer will use it to rate 
your service. Positive customer ratings 
might result in free marketing and new 
projects. My reports typically contain 
an initial SOW document, release notes 
mentioning all features implemented 
and limitations, user documentation, 
and other deliverables like source code 
or binaries. 

Business tips 

The non-engineering, business side of 
consulting can seem daunting. But it 
doesn't have to be. Here are a few simple 
tips to keep in mind as you start your 
own consulting business: 

• Be an engineer. Remember that you 
are first and foremost an engineer/ 
programmer, not an accountant, 
lawyer, or bookkeeper. Focus on your 
strengths, and don't be afraid to 
find accounting, bookkeeping, legal, 
and business support as soon as you 
start your consulting business. There 


are plenty of resources online to help 
you get started. But talking one-on- 
one with a business professional in 
the early stages of your endeavour 
will make running your consulting 
business easier in the long run. Free¬ 
lancing portals handle many of those 
problems for you, but you must 
agree to their rates at beginning. 

• Use contracts if you work without 
a third party between you and the 
customer. It's important to use writ¬ 
ten contracts and SOW documents. 
While creating such documents is an 
art in itself, there are plenty of online 
resources that can help. But to keep 
things simple, make sure both you 
and your client agree on the fol¬ 
lowing: project goals; SOW; both 
client and consultant responsibilities; 
requirements (ideally defined using 
RFC 2119 terminology); execution 
procedures; and deliverables. 

Good luck 

I've only scratched the surface of what it 
takes to work as an embedded systems 
consultant. While it is hard to explain 
everything I have learned in one article, 
I successfully covered how dreams differ 
from reality and what it takes to transi¬ 
tion out of a full-time corporate enginee¬ 
ring position. I trust that the tips provi¬ 
ded in this article will help you navigate 
the difficult yet ultimately fulfilling ende¬ 
avour of running an independent embed¬ 
ded systems consulting business. N 

Weblinks: 

[1] http://www.ganssle.com/consulting. 
htm. 
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Global Market for IoT MCUs Is 
Growing in Double Digits 


According to Market Research Future, the global market for IoT microcontrollers will grow 12% 
the coming years (CAGR, or compound annual growth rate, for the years between 2017 and 2023). 
This has everything to do with the rising demand for IoT smart home products (mainly from the US) and 



Global Market Size IoT 
MCUs fUSD Billion) 



IoT vehicle connectivity (mainly from the 
Asian Pacific region). However, one should 
not lose sight of the fact that the total 
market for microcontrollers — leaving 
aside IoT as such — will grow roughly to 
$22 billion in 2021, according to market¬ 
ing research company Technavio. This 
overall growth results in an overall CAGR 
of about 5% for the global MCU market 
in the period 2017 to 2021. The overall 
growth mainly has to do with the rising 
demand for mobile devices worldwide. 
(Source: Market Research Future; Technavio) 


Charger's MCU as Powerful as 
the Original Macintosh? 


£5330 

r»\ T n a rvi 


INNOVATION/ STARTUP/ TRADE 


Do you remember the Apple Macintosh, the first PC with a 
Graphical User Interface, introduced by Steve Jobs in 1984? 
You may be surprised to know that the current charger for 
an Apple Macbook is as powerful as the microprocessor for a 
Mac in the 1980s. The Texas Instruments MSP430 is a 16-bit 


MCU doing a lot of monitoring, making sure your charger 
solves any problem with voltage and current before it can 
do harm to your laptop. 

(Source: KickassFacts.com) 












And the Key Players Are... 

There is little disagreement among major research companies 
about the main players in the global MCU market. Here they are: 
NXP (acquired Freescale at the end of 2015), Renesas Electronics, 
Microchip Technology (acquired Atmel in April 2016), Samsung, 
STMicroelectronics, Infineon, and Texas Instruments. Some mar¬ 
keting research firms also include Cypress, Intel, Fujitsu, Silicon 
Labs, and Broadcom, among others. Using the information of 


several marketing research firms, the market shares of each 
of these key players result in the following indicative pie chart. 

(Sources: Grand View Research; IC Insights; Inkwood Research; Market 
Research Future; Technavio; Wise Guy Research) 



Smart Homes and Smart Cars Need 
Smart Things (= MCUs) 


Together, smart homes and smart 
cars account for about 50% of the 
applications that make use of a 
microcontroller. This is as true now as 
it will be in 2026, according to market 
research company Inkwood Research. 
Industrial applications are also on top. 
But the real winner between 2017 and 
2026 will be the ID security market, 
with a market share of about 12% in 
2017 and 17% in 2026. 

(Source: Inkwood Research) 
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High-Speed Design 

for Space Applications 

By Maurizio Di Paolo Emilio 

Data conversion solutions are important elements in high-speed aerospace systems. Recent advances high¬ 
speed data converters are revolutionising the design of systems for space exploration. 


Due to constant innovation, new elec¬ 
tronic devices in the aerospace indus¬ 
try are consistently reaching ever higher 
speeds. Today, we have devices clocking 
sub-nanosecond speeds. Data conversion 
solutions like analogue-to-digital con¬ 
verters (ADC) and digital-to-analogue 
converters (DAC) are critical elements 
throughout many designs. It is therefore 
essential to consider different circuit opti¬ 
misation techniques to guarantee high 
performance. These devices will facili¬ 
tate various solutions in data acquisition 
chains for satellite telecommunications, 
navigation, and scientific missions. 

In today's aerospace industry, the layout 
of a high-speed system has become an 
integral part of the design itself. There¬ 
fore, it is of paramount importance that 
the designer understands the mecha¬ 
nisms that influence the circuit's over¬ 
all performance. High-speed PCB design 
must consider the fact that signal integ¬ 
rity begins to be affected by the physical 
characteristics of the printed circuit, such 
as layout, packaging, layering of layers, 
and interconnections. The use of ADCs 
is emerging in various applications such 
as radar receivers. The dynamic range 
and the background noise are critical and 
represent the essential elements for the 
adoption of higher-resolution converters. 
The use of high-speed ADC pipelines, 
such as new generations of low-voltage 
process technologies, implies a significant 
layout that extends further in frequency 
— for example, 10 GHz on a linear ADC 
using a 1.8 V process. 

The space environment 

Space is a dangerous place for sensi¬ 
tive electronic components such as 


microprocessors, solid-state memory, 
and data converters. The problem is 
radiation. Most modern electronic com¬ 
ponents are not designed to work in an 
environment with high amounts of cos¬ 
mic radiation. Intensity levels can cause 
a variety of problems for electronic com¬ 
ponents, ranging from a simple fault to 
a full blackout. 

Within large structures, the flow of cos¬ 
mic rays consists mainly of 85% protons 
and 15% heavy nuclei. Following the col¬ 
lisions with the material, the flow is par¬ 
tially converted into secondary neutrons. 
These secondary neutrons may present 
an additional threat through single-event 
effects for on-board electronics. Space 
has a low dose rate of approximately 10~ 4 
to 10 -2 rad/s. However, the duration of 
a space mission can be years, resulting 
in a high dose. 


In addition to permanently damaging 
CMOS integrated circuits, radiation can 
cause single-event effects (SEE): sin¬ 
gle-event upsets (SEU), single-event 
functional interrupts (SEFI), and single 
event transients (SET). SEUs are tran¬ 
sient induced by charged particles that 
lose energy by ionising the crystal lattice, 
leaving a trail of electron pairs. 

High-speed layout 

High-speed data converters are gener¬ 
ally developed with CMOS technology 
to control energy consumption as much 
as possible while maintaining the excel¬ 
lent performance of the signal-to-noise 
ratio (SNR) and spurious-free dynamic 
range (SFDR). ADCs are sensitive devices 
and each input, analogue, clock, must 
be treated in the same way to get the 
best performance, as well as power 
management. 


EV12AQ600 



Figure 1: Power supply diagram of the EV12AQ600 (Source: Teledyne e2v, EV12AQ600, Datasheet 
1203) 
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Noise sources are different and can come 
in many forms and affect performance. 
Recent improvements in DC-DC power 
technology and switching frequencies 
have enabled the ADC to run directly 
from DC-DC regulators, with no loss in 
performance and higher efficiency. 

Crosstalk is an essential issue in the design 
of high-speed PCBs and is one of the main 
problems of signal integrity in data conver¬ 
sion. Crosstalk is challenging to reproduce, 
debug, and then solve. It is an electromag¬ 
netic interference that occurs between two 
tracks, two cables, between a track and a 
cable, in cable assemblies and in compo¬ 
nents subject to disturbance of a magnetic 
field. This undesired effect is associated 
with the clocks, the periodic signals, the 
data, the address, the control lines, and the 
I/O. The clock and the periodic signals cre¬ 
ate most problems and can cause severe 
problems to another section of the cir¬ 
cuit. Crosstalk involves both inductive and 
capacitive coupling. The latter is a direct 


function of the distance between the trace 
and an overlapping area. An inductive cou¬ 
pling, on the other hand, occurs between 
the traces that are physically located one 
near the other. 

High-speed ADC 

The trend of future satellite telecommu¬ 
nications is to use increasingly power¬ 
ful technologies for the formation and 
switching of the antenna beam. One of 
the consequences of this trend is a dif¬ 
ferent design for digital signal processing 
at higher frequencies. This has a direct 
impact on the design of the ADC concern¬ 
ing bandwidth and resolution. 

High-speed ADCs can be described in 
terms of three specifications: resolution, 
sampling rate, and direct conversion at 
high frequencies (L, S, C, X, Ku and 
Ka band). The resolution is expressed 
in bits and depends on the SNR and/ 
or the dynamic range requirements of 
the system. 
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Figure 2: Block diagram of the ADC EV12AQ600 (Source: Teledyne e2v, EV12AQ600, Datasheet 1203) 



Space is a dangerous place for sensitive electronic 

components. 
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Figure 3: Block diagram of the ADC08D1520 (Source: Texas Instruments, ADC08D1520, Datasheet 
SNAS357D) 


The three key factors that are driving 
the evolution of data converter design 
are dynamic linearity over specific band- 
widths, power consumption, and silicon 
area. The choice of an ADC architec¬ 
ture has directed the user towards the 
final application. For example, industrial 
instrumentation, sensing, and audio have 
exploited the oversampled sigma-delta 
converters at ultra-high speed and very 
high precision. At the other end of the 
spectrum, where sampling rates and mid- 
high resolutions are typically required for 
the data infrastructure, the ADC pipe¬ 
line architectures have dominated the 
market. 

The new INTERSTELLAR project (http:// 
h2020-interstellar.eu/) aims to develop 
two new data converters and bring them 
to TRL6. A four-channel ADC with a sam¬ 
pling up to 6 GSPS and a multi-channel 
DAC that reconstructs up to 12 GSPS. 
Teledyne E2V, project coordinator, will 
be responsible for the design, production 
and testing activities. Airbus Defense & 
Space and Thales Alenia Space, the two 
largest European space companies, will 
make a fundamental contribution as end 
users. The Fraunhofer Institute will con¬ 
tribute significantly with the PCBs that 
will host the new ADCs and DACs, thus 
allowing a detailed circuit evaluation. 

In the high-speed RF context, Tele¬ 
dyne e2v has released its high-perfor¬ 
mance EVCA EV12AQ600 that is ideally 
suited to space applications. This new 
ADC can function as a single, double or 


quadruple channel device and includes a 
radiation tolerant version (Figure 1 and 
Figure 2). In addition to the multichan¬ 
nel CPS functionality, the EV12AQ600 
features a Cross Point Switch (CPS) that 
allows the device to operate its four cores 
simultaneously. Moreover, it contains the 
proven chain-synchronization function to 
meet the growing trend of increasing the 
number of channels in MIMO (phased- 
array) and Multiple-Input, Multiple-Out¬ 
put (MIMO) systems. 

In addition to the Teledyne solutions, 
other ADCs are on the market, such 
as the ADC08D1520. It is a CMOS ADC 
from Texas Instruments based on the 
ADC08D1500 platform. The ADC08D1520 
digitises 8-bit resolution signals at sample 
rates up to 1.7 GSPS. The innovative 
design of the internal sample-and-hold 


amplifier and the self-calibration scheme 
allow a very flat response of all dynamic 
parameters over Nyquist (Figure 3). 

Recent advances 

In the context of a generic data acqui¬ 
sition system, modern ADCs and DACs 
are designed in such a way that they 
can be connected directly to micropro¬ 
cessors for data distribution systems. In 
advanced applications — such as satellite 
telecommunications, digital radar, and 
microwave communications — powerful 
signal processors must be able to han¬ 
dle broadband signals that are becom¬ 
ing increasingly common. The bottleneck 
is now the availability of high sampling 
rate and high linearity — that is, an ADC 
for reception and DAC for transmission. 
Advanced high-bandwidth and high¬ 
speed data converters are revolutionis¬ 
ing the design of systems used in new 
space technologies. As part of a high¬ 
speed acquisition system, one way to 
reduce power consumption is to optimise 
the power supply for the data converter. 
Recent design advances have enabled 
ADCs to be driven directly from a switch¬ 
ing power supply to achieve maximum 
energy efficiency. W 

Web Links 

[1] D. Hobbs, "Choosing the best ADC for 

your SoC," S3 Group, 2014, http:// 
bit.ly/ADC-Hobbs. 

[2] A. Glascott-Jones, et al, "Using e2v / s 

High Speed Space Grade ADC and 
DAC to Achieve Direct Conversion of 
L Band Signals," IEEE, 12th Inter¬ 
national Radar Symposium (IRS), 
2011, http://bit.ly/e2v-ADC. 


The Author 


Maurizio Di Paolo Emilio has a PhD degree in 
Physics and is a telecommunication engineer. He 
has worked on various international projects in 
the field of gravitational waves research. Working 
as a software/hardware developer in the data ac¬ 
quisition system, he participated in the design of 
the thermal compensation system (TCS) for the 
Virgo/Ligo Experiment. Additionally, Dr. Di Paolo 
Emilio has authored many technical and scien¬ 
tific papers and books relating to electronic de¬ 
sign and embedded systems. Currently, Di Paolo 
Emilio works as electronic designer and technical 
writer for Italian and English magazines. 
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Solderless and 
Direct Plug-In 
Connectors 



Wurth Elektronik eiSos introduces the REDFIT IDC SKEDD 
WR-WST connectors product family, using the patented 
SKEDD technology from its sister company Wurth Elek¬ 
tronik ICS. The solderless, space-saving and multi-plug¬ 
gable connectors for signal transmission are available in 
4- to 20-pin versions and suitable for permanent use on 
PCBs as well as for temporary connections for program¬ 
ming and debugging purposes. 

REDFIT IDC can be manually mounted on the plat- 
ed-through holes of the PCB, which eliminates the need 
for extra sockets and any related soldering processes. The 
REDFIT IDC SKEDD also requires no mating plug, therefore 
saving on yet another component and reducing assembly 
and process costs. 

REDFIT IDC SKEDD connectors are ideal for all applications 
that require a stable and space-saving signal connection 
or where a detachable connector requires tool-free main¬ 
tenance (e.g., a debugger/microcontroller scenario). 

The REDFIT IDC SKEDD connector is immediately available 
from stock with 4, 6, 8, 10, 12, 14, 16, 18 or 20 pins, and 
in any quantities. Free samples can be requested. 


% 


www.we-online.com 



Over 500,000 products available. 
Together we'll find your components. 


buerklin.com 


BUrkMn 

A WORLD OF ELECTRONICS 
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Arrow Electronics 

Accelerates Electronics 
Design and Entrepreneurship 

By C. J. Abate - Editor in Chief, Elektor Business 


ATXPJjW 


Christian Reuter 

(Engineering Training Officer, ARROW Electronics EMEA) 



Entrepreneurial hardware designers are changing the world with cutting-edge products in every market from 
consumer electronics to mobility to medical devices. But getting from idea to production is not an easy task, 
which is why Arrow Electronics is committing a range of resources — from financial to engineering — to support 
innovators as they move from product ideation through prototyping and on to production. Christian Reuter 
(Engineering Training Officer, ARROW Electronics EMEA) explains Arrow's commitment to entrepreneurship and 
discusses the various ways the company is helping bring new electronics products to market. 


C.J. Abate: Arrow is sponsoring electronica Fast 
Forward 2018: The Startup Platform Powered by 
Elektor (www.elektormagazine.com/labs/ 
contest/e-ffwd-contest). To celebrate our co¬ 
operation, Arrow is also offering Elektor commu¬ 
nity members free boards (Figure 1 and Figure 
2) that they can use for developing innovative 
electronics projects via the Arrow Board Raffle 
(www.elektormagazine.com/arrow-raffle). 

There are^frO boards to choose from. This is just 
one example of Arrow's commitment to accele¬ 
rating entrepreneurship. Tell us about Arrow's 
overaching plan to support electronics innova¬ 
tors and entrepreneurs. 


Christian Reuter: The electronic world is getting more com¬ 
plex. More people are working with electronics, and they 
are developing innovative things. You can also see a change 
in the design phase for new products. Today, you start the 
development process with an evaluation board and not with 
drawing a schematic and soldering a test platform. Due the 
ease with which a designer can start a project, more people 
begin to realise their ideas and new companies are founded. 
With the Arrow line card and our wide range of suppliers, we 
are always able to provide latest technologies to our customers. 
To show this strength, Arrow started, about three years ago, to 
develop its own boards in cooperation with our suppliers. The 
boards are not only developed for our customers, but also for 
start-ups and anyone who need a platform to realise his idea. 
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tt For the future, our goal is to offer not only hardware, 
but also provide support for software-related 

questions. 




Figure 1: The ARIS IoT Board is one of several that are available via the 
Arrow Board Raffle. 


The innovation is mainly driven by start-up entrepreneurs. 
Arrow can guide and give support over the complete develop¬ 
ment cycle. We "guide innovation forward," and that's exactly 
what we're doing here. 

C.J.: Arrow is a global $26.8 billion technology 
company that does much more than sell high- 
quality electronics components. Can you share 
some information about Arrow's other offerings, 
such as distribution services, supplier solutions, 
and supply chain expertise? 

Christian: Arrow is a global technology provider. Arrow can 
support customers in the complete lifecycle of a product and 
even more. Arrow is able to provide electronic components, 
enterprise computing solutions and technology services. As a 
result, Arrow provides complete technology lifecycle services 
for one globally consistent process and a seamless, end-to- 
end experience for the business. 

Our components business is the one that is most interesting 
to Elektor's readers. Here, they are able to get design support 
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Figure 3: The ARIS Edge S3 Board 



Figure 4: The Simba-Pro Board 



* 


Figure 5: HMI Arrow NXP IoT Board (aka HANI) 


and, for sure, the components they need. Within the last years, 
we've added more and more services. With the launch of www. 
arrow.com, private persons are able to order parts or look for 
datasheets. For more than one year, we've offered the service 
to chat with an engineer and ask technical questions. So, you 
get in direct contact with an application engineer from Arrow. 
Another example is our programming service, where customers 
can pre-program a microcontroller, which reduces production 
costs. Another important service is our Arrow Board program, 
which was already mentioned. 

C.J.: Several months ago. Arrow and Indiegogo 
launched a crowdfund-to-production service 
aimed at accelerating the pace of innovation for 
technology and IoT entrepreneurs. Tell us more 
about the Arrow Certificate Program and how can 
participate. 

Christian: The cooperation with Indiegogo is running since two 
years now. To participate, you only have to launch a campaign 
at Indiegogo. If this is related to electronics, Arrow will review 
the campaign and contact the submitter automatically. A second 
way is to fill out the form on the Arrow webpage (www.arrow, 
com/en/indiegogo/apply-now) to show us that you launched an 
electronic campaign. Both ways will work. The second one is a 
more direct way to participate the Arrow Certification Program. 
The Arrow Certification Program is an add-on for entrepreneurs 
when they use Indiegogo for their campaign. We have regional 
application engineers in US, Europe, and Asia who review the 
projects. If Arrow sees potential in an idea, we will contact you 
and offer services to support the campaign. 

C.J.: Those who qualify for the Arrow Certification 
Program receive some amazing benefits, 
including, but not limited to, a 10% discount and 
free shipping on purchases on Arrow.com, access 
to engineering consulting, and use of Arrow's 
online design tools. What else can you tell us 
about the benefits? 

Christian: The benefit for those who get this certification has 
different ranges, depending on the level of the certification. 
Nearly everybody will get engineering support to reduce design 
costs, optimise the circuit, and update the BoM with available 
parts. Unfortunately, many start-ups develop electronics with 
obsolete parts or parts with delivery times up to one year, 
which is disastrous if you want to start the production. We also 
help the companies find partner companies for development 
and production. This can be electrical and mechanical services, 
device testing, software support for cloud services, and more. 
For those with a high certification level, Arrow offers financial 
support to build prototypes or start production. The goal is to 
guide the start-ups with technology and services and to sup¬ 
port them to become established in the market. 

C.J.: How does Arrow plan to support electronics 
design and entrepreneurship moving forward? 

Christian: Arrow is part of the electronica Fast Forward area at 
electronica in November. This is one example where Arrow is 
showing its strategy to this target group. In addition, we have 
new boards we're working on for a variety of applications. One 
main goal is to offer more functionality, which means more 
software examples that the users can work with. Also, we're 
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developing more add-on shields for Arduino-based boards as 
well as "96 boards." So, the number of boards will increase in 
the future. 

For the future, our goal is to offer not only hardware, but also 
provide support for software-related questions. We will also 
offer additional services to the customers from our Partner 
Program to help our customers to optimise their designs. As 
for supporting entrepreneurship, the plan is to act as one of 
the preferred partners and work on more innovative ideas that 
need to be realised. N 


Arrow Board Raffle 


Do you have an innovative design project in mind? 
Interested in a free board such as an ARIS EDGE or 
MC27561 DRAGONFLY to use in your project? Arrow is 
making several boards available to inspired designers. 

Go to www.elektormagazine.com/arrow-raffle to select a 
board and then briefly describe your project idea in a few 
sentences. Arrow will have a look at your idea, and if you 
meet their criteria, you can either pick up your board at 
the electronica 2018 trade fair (November 2018 in Munich, 
Germany) or have Arrow send it to you. 



Figure 6: The CYC1000 Board 



Figure 7: The SMF2000 Board 


ft Arrow can guide and give 
support over the complete 
development cycle. J5 



Figure 8: The RSL100 Board 
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Operation Marketing 


By Flavio Stiffan — Stiffan Consulting 



Making Your Product 
Strategy a Success 



Top managers understand that they need a clearly defined product 
strategy in place to achieve long-term success in the marketplace. As 
you and your team develop a product strategy, don't underestimate 
the value of working with young engineers, students, and academics. 
Investing in external feedback from outside-the-box thinkers will likely 
yield many dividends down the road. 


Picture this: you are preparing your new 
product strategy and wondering if you are 
considering all the possible markets, ensu¬ 
ring that you have the right product launch 
content, and that you are addressing the 
right customer audience. Is the inclusion 
of academia a possible solution and an 
aspect of your strategy? Many times, if I 
mention the word academia, the first reac¬ 
tion I get is: "More free products out the 
doar without any revenue in sight." But 
that is short sighted. Often, the benefits 
far outweigh the costs when companies 


incorporate students and academic insti¬ 
tutions in their overall product strategies. 

Youth brings creativity 

A year ago, I wrote an article about how 
many people see working with academia 
as a cost rather than as an investment. 
But the examples of companies like 
Apple, Tesla, and others clearly demon¬ 
strate that investment in the younger 
generation is a long-term strategy that 
pays off every time. In the last year of 
my consulting practice, I have continued 


to see the creativity displayed by young 
minds and the many positive things that 
young innovators bring to companies. 

When designing a product, particularly if 
you are working on something like soft¬ 
ware or IoT hardware, it is critical that 
you think about the age of your potential 
customers. There are often-overlooked 
types of customers to consider: 

• An end user who will find interesting 
uses for your product that you can't 
anticipate. For instance, a maker 
might find come up with a surprising 
application for your IoT-controlled 
water dispenser. 

• Young designers and enginee¬ 
ring students who will include your 
technology into their next project 
fora competition (e.g., robotics 
challenge) or classroom project. 
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(( Investment in the younger generation is a long-term 

strategy that pays off every time. 5 5 


In both cases, your audience will find 
opportunities to apply your product in 
ways that you might not have thought 
about. And they might even open a new 
market that was not on your target list at 
the time of product development. 

What if you don't? 

"What if I don't include academia in my 
product strategy?" I believe that asking 
what will happen if you do not do somet¬ 
hing can be more powerful than asking 
what if you do it. Let's take a shot at it. 
What might happen if you do not include 
academia as part of your product strategy? 

You might miss the next customer wave. 
One of the main errors in product stra¬ 
tegy is to think of a mature market 
audience, an established customer base, 
rather the upcoming one. You to plan for 
the long-term success of a product, which 
requires thinking of the product's life- 
cycle. Successful companies from various 
industries such as Starbucks, Apple, and 
MathWorks work to create products that 
keep customers back, time after time, 
to each product iteration. 

You might miss the real market opportu¬ 
nity. In many cases, a product designed 
for Market A will find success in Market 
B. Examples include products like Viagra, 
Coca-Cola, and Play-Doh. I saw this hap¬ 
pen in the semiconductor industry. One 
time, a product was designed to support 
set-top box development, but it instead 
become a standard in portable media and 
wearable devices. Unless you put your pro¬ 
duct design in the hands of highly crea¬ 
tive minds like students and makers, you 
will not see all its full potential. You might 
miss on an opportunity and a competitor 
or a startup could beat you to the punch. 

You might miss out on content marke¬ 
ting opportunities. It's a no-brainer that 
a good content strategy should be part 
of every product launch. If you don't 
provide the market with great content 
about your product, as well as online 
training and social media-targeted cam¬ 
paigns, your product launch will be weak 
3^*1 it likely won't achieve the needed 
"wow effect." Keep in mind that creating 


high-quality content is expensive and 
takes time. For this reason, working with 
academia to create a plethora of blogs, 
videos, and out-of-the-box experience 
reviews will provide your product team 
with a continuous stream of useful, affor¬ 
dable marketing material. 

Still skeptical? 

For many, targeting the next genera¬ 
tion of users and developing fresh con¬ 
tent to support a product launch seems 
like a daunting task and perhaps even a 
waste of resources. In addition to prepa¬ 
ring your product launch, you also must 
think about what happens after the launch. 
For instance, you'll need to address pro¬ 
duct maintenance to extend your product's 
market lifecycle ("life after launch"). Unless 
you tap into the vast amount of resources 
from academia, you will quickly realise that 
you lack the manpower to drive all those 
tasks internally. Furthermore, your compe¬ 
tition might assess your weaknesses and 
pass you quickly in your market. So, what 
are you really waiting for? 

Start at the top 

Everyone in your company, from top to 
bottom, must understand the value of 
academic collaboration in order to create 
successful relationships with educational 
institutions. It's important to note that 
management must champion investment 
with educational channels when some of 
your investors push to cut the costs asso¬ 
ciated with of such relationships. Most 
companies with successful products have 
C-level staffers and a board of directors 
who understand the value of collabora¬ 
tion with educational institutions. 


The Author 

Flavio Stiffan assists start-ups and 
established companies in connecting 
with universities and other educational 

institutions to foster innovation and to create valuable content via team assembly 
and partnerships. By reviewing your goals, understanding the market, and 
validating your approach, he will help you create a winning strategy to ensure 
sustainable growth. You can find more useful articles on the Stiffan Consulting 
website. For more information, contact him directly at f!avio@stiffan.eu. 


It takes guts and grit to make this strategy 
a success. Don't focus on short-term suc¬ 
cesses and a quick return on investment. 

Develop a strategy 

A good way to get started is by con¬ 
sulting with product strategy specialists 
who have been in the market for a while. 
They will help develop a sound strategy 
that, step by step, will position your com¬ 
pany as a global leader in your product 
segment (not "market segment," as this 
might change as your product is adopted 
by new markets). Once the strategy is 
validated and accepted at all levels, you 
should make it part of your company's 
culture and you should advertise it as 
one of the company's strengths. 

Universities are always looking for the 
partnerships that will bring them increa¬ 
sed visibility and long-term educational 
stability. You do not have to be a mul¬ 
tinational company to take advantage 
of this opportunity. I encourage you to 
seriously consider including academia in 
your product development strategy as 
you grow your business. W 
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Selected Products for Makers and Start-ups 


ELECTOR BUSINESS STORE 

www.elektor.com/store 


Weller WT1014 Digital Weller ESF-120 ESD-safe PCB Holder 

Soldering Station 



The Weller WT 1014 soldering station set includes the WT 1 
supply unit, the WSP 80 Robust soldering iron and the WSR 
201 safety rest. It is stackable and thus guarantees more 
space at the workplace. With an integrated usage sensor, the 
soldering tool switches off automatically. 


Features: 

• 1-Channel Soldering Station digital 90 W (95 W) 

• WT11-channel power supply unit 

• Safety rest WSR 201 

• Soldering tips LT 

• AUTO OFF time 

• Lock function 

• And more 


"^SS price: £389 rrp • £350.10 mp 


www.elektor.com/weller-wt-1014 



The Weller ESF-120 ESD PCB-holder is a mounting frame that 
satisfies all requirements made when mounting, soldering 
and removing printed circuit boards, without the need for 
additional tools. 

The tool has a spring clamp, rotates through 360° in 
increments of 15° and has a cushioned pressure arm for 
keeping components in place when you flip the board upside 
down for soldering. 

• Max. size: 160 x 235 mm 

• Rotates through 360° in 15° increments 

• Spring clamp 

• Cushioned arm for component fixing 

• ESD safe 

~^sa price: €129.95 rrp • €116.96 mp 

www.elektor.com/pcb-holder 


Qektor 


SEARCH: * 3wwch.ni 


# BOOKS OVD MAGAZINES BOARDS | TOOLS LAB EQUIPMENT TOP BR 

Print Now in 3D! 


Anet A6 3D Printer (Kit of Parts) 

PLA filament (1.75 mm 11 kg) - black 
PLA filament (1.75 mm j 1 kg) - blue 
PLA filament (1.75 mm 1 1 kg) - transparent 


Bundle deal 


st €249! 




pi-top 2 - RPi Laptop Kit 


10” Touch Disp 


Products can be ordered at www.elektor.com. Prices are 
including Dutch VAT, excluding shipping and handling. 


eC-placer 


Siglent SDS1204X-E 4-channel 
Oscilloscope (200 MHz) 


Siglent SDG1025 Arbitrary 
Waveform Generator (25 MHz) 



The eC-placer is an innovative camera-assisted manual pick 
and place device designed and priced for prototype and small 
series assembly. eC-placer's robust construction ensures 
long-term accuracy and repeatability. The machine is fast 
to set-up with 23 adjustable feeders included for component 
tapes and sticks. The combination of clear imaging from 
the high-definition camera and ergonomic design enhances 
productivity and minimizes operator fatigue. Two special 
placement modes boost speed and accuracy. The Array mode 
provides a fast solution for placing a row of components. The 
Copy-paste mode uses a standard steel stencil to accurately 
locate BGAs, FPGAs and other complex components which are 
difficult to place by eye alone. 



The Siglent SDS1204X-E is a powerful 200 MHz four- 
channel oscilloscope that is built on the same platform as 
the very popular SDS1202X-E but with several significant 
improvements, including two 1 GSa/s ADCs and two 14 Mpt 
memory modules. Waveform capture rates are up to 100,000 
wfms/s in normal mode and 400,000 wfms/s in sequence 
mode. The SDS1000X-E scopes feature a large 7" 256-level 
color display with intensity grading and color temperature 
features. 



The SDG1025 features maximum output frequency of 25 MHz 
and is capable of generating several different wave types that 
can be output using the dual-channels integrated into the 
device. Siglent's SDG1000 range of function generators also 
come with a full-colour built in screen that can be used to 
accurately track waveforms generated and make adjustments 
as necessary using the large selection of function buttons to 
the right of the screen. The full colour of the screen makes it 
easy to track two waveforms being output at the same time 
as different waves are assigned different colours. 


price: £2,399 rrp (also mp) 


"^SS price: €829 rrp (also mp) 


"^SS price: €399 rrp (also mp) 

www.elektor.com/ec-placer 

www.elektor.com/siglent-sdsl204x-e 

www.elektor.com/siglent-sdgl025 
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SHOPPING 


PCB REWORKING 


ANALYZERS 


LAB GEAR DEVELOPMENT TOOLS ASSEMBLY 



HOME DOWNLOADS NEWS FORUM CONTACT £J3 ^ 


ay for RPi 


RPi Desktop Case 


Item descriptions are subject to change, errors and omis¬ 
sions. rrp =recommended retail price; mp = member price. 


HDMI/AV Digital 
Microscope ADSM302 



Precise optics and HD image sensor provide amazingly crisp 
images on HDMI display. Ideal for SMD soldering. 

• 5" adjustable LCD monitor with adjustable tilt angle 

• High resolution video & photo capture 

• Wide table with comfortable headroom 

• Heavy-weight stable metal stand 

• Tall lifting stand (26 cm) 

• Smooth adjustment wheels for focus and height 

• Buttons on the monitor + remote control 

• AV, USB, HDMI outputs 


~^Sl price: €299,95 rrp • €269,96 mp 

www.elektor.com/adsm302 


Mastech MS6818 Advanced Wire 
Tracker & Metal Pipe Locator 


Widely used in the construction and maintenance of 
communication cables, power cables, and metal pipes, due 
to the ability to be used not only underground but in walls 
and concrete as well. 

Features: 

• 2.4'TFT LCD Display 

• Display resolution (WxH) - 76800 Pixels (240x320) 

• Auto Power Off 

• Power interface Mini-USB 

• Data transmission Mini-USB (USB2.0) 

• Operating temperature -1~45D / 14~113'F 

• Drop test <2 m 

• And more 

price: €169.95 rrp • €152,96 mp 

www.elektor.com/mastech-ms6818 




Penlike Mini Soldering Iron 



This Mini Soldering Iron is a small, lightweight, quick heating 
up soldering pencil. Temperature can be controlled accurate, 
stable and can be easily adjusted from 100 to 400 degree 
Celsius with the internal STM32 controller. Benefit from 
dual temperature and accelerated sensors, the soldering 
iron can go in sleep mode and gives over-heating warning 
automatically. Soldering iron tips are replaceable for 4 types 
and several settings and functions are programmable. 


Bakeey UM25C USB Multimeter 
Logger with Bluetooth 



Features: 

• 1.44" / 3.7 cm color LCD screen 

• 4-24.000 V/0-5.0000 A 

• High-precision display 

• 5 A high current 

• Load impedance measurement 

• DIY background settings 

• Screen brightness adjustment 

• Temperature display 


Anet A6 3D Printer 



What strikes first with the Anet A6 3D printer is its price. If 
you are seeking quality and if you are convinced that price 
and quality are necessarily in direct proportion to each 
other, this price could have a repulsive effect on you. Leave 
all preconceived ideas behind. This well designed and easy 
to assemble kit has a robust frame with excellent rigidity. 
The thread of its silver steel rods is trapezoidal, guaranteeing 
high accuracy. From the very first tests, this 3D printer was 
adopted in Elektor's lab, especially for ils flexibility and ease 
of use. 


J 


price: €104.95 rrp • C94.46 mp 


^SB price: €34,95 rrp ♦ €31.46 mp 


^SB price: €299 rrp • €269.10 mp 

www.elektor.com/penlikewww.elektor.com/bakeey-um25c 

www.elektor.com/anet-a6 
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Next Edition 

Elektor Business Edition issue 6/2018 will focus on 
a range of innovative technologies, many of which 
will be on display at the electronica 2018 
tradeshow in Munich, Germany (November 13-16, 
2018), where the magazine will also be distributed. 
Contributions will come from companies and pri¬ 
vate authors on a wide range of electronics-related 
topics, including IoT medical devices, SMT dispen¬ 
sing, and more. Plus, you'll find fresh instalments of 
all the EBE regulars like Infographics and Business 
Store. « 


«£tiffan Consulting. 

Making your Product Strategy a Success | Flavio Stiffan 


Elektor Business Edition issue 6/2018 will be publi¬ 
shed in November 2018 to Elektor Magazine Gold 
members in print and Elektor Green members as 
a PDF download. The edition will be available for 
purchase at www.elektormagazine.com. 
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PRINTED CIRCUIT BOARDS 


NEW: IMPROVED ALU CORE CIRCUIT BOARDS (IMS) ONLINE! 

2.0 W/mK thermal conductivity and 6 working days standard 



thermal conductivity 2.0 W/mK 
Insulation 100pm 

Surcharge 

0,0% 


Production time 6WD 
Standard 

Surcharge 

0,0% 


E 

E 

LD 

■ 

r— 

a> 

o 


1 Layer 

e.g. 100 mm x 100mm 

6WD 

STANDARD 

10WD 

SAVING-OPTION 

1 piece 

€124, 60 „„ 

€148%, 

€74, 80 .. 
€89% 

10 pcs. each 

€19,“, 

€23“-. 

€15,% 

€18“_ 


ALL-INCLUSIVE 

PRICING: 


Alu core 1.5mm, 35pm Cu 
2.0 W/mK therm, conduct. 
Insulation 100pm 
Surface HAL lead-free 
lx solder-stop white 
Milling (inner, outer) 
E-Test, Design Rule Check 


Copper 


Up to 92.3% better heat dissipation than usual market 
material (1.3 - 1.6 W/mK, insulation 100 - 125pm). 
The improved heat dissipation allows for higher pa¬ 
cking density, more stable operating parameters, hig¬ 
her reliability and longer life. Ideal e.g. for laser diodes! 


PCBs including 0.1mm Tracks, 0.2mm Drills, 4WD Standard! 

Comparing pays off, why pay more for less performance? 



Hightech makes it possible without surcharge! 


E 

E 

LD 

LD 


<r 

cr 


2 Layers 

1 pc. 100x 80mm 

€ 35 f -net 
€41,%., 

4 WD 

€29, 80 ., 

€35%, 

8 WD 

A Layers 

1 pc. 100x 80mm 

€59, 

€70;',, 

5 WD 

€49, 80 „« 

€59, 26 ^, 

8 WD 


ALL-INCLUSIVE 

PRICING: 


FR4 1.55mm 35pm Cu 
Surface HAL lead-free 
2 x solder-stop green 
1 x legend print white 
E-Test, Design Rule Check 
A.O.I. & X-Ray (multilayer) 
Milling (inner, outer) 

PTH slits 


Qmulti-cb 


1-48 layers | from 


1WD Express 


Ultra finest-line 

Filmless laser-direct-imaging (LDI) 
Impedance control 
HDI boards 

Blind & Buried Vias 
Microvias, also lasered 
Via Filling / Via in Pad overplated 
Stacked & Staggered Vias 

Plated-through slits 
Countersink holes 
Z-axis milling 
Plated halfholes 
Sideplating 

Custom layer-buildup 
Thin laminates 
PCB thickness up to 7mm 
Backplanes, Backdrill 
PCI cards, Goldfingers 
Thick copper 
Panel production 

UL certified (El98312) 

IPC-A-600 

Surface finish e.g.: 

HAL lead-free ■ chem. Gold (ENIG) 
ENEPIG, Bondgold.... 

Special material e.g. 

■ Rogers ■ FRA HTg 

■ Alu core (1.0- 8.0 W/mK) 



Contact England: Contact Germany: 

Multi Circuit Boards Ltd. Multi Leiterplatten GmbH 
Business Centres, HC Brunnthaler Str. 2 
GB-Poole BH17 7FJ DE-85649 Brunnthal 

info@multi-cb.eu 
Hotline DE / EN: 
+ 49 ( 0)81 04 / 628-0 

Prices plus delivery costs from €8,03 gross/ €6,95 net 
Sales only to business customers and public institutions. 


Calculate price and production time comfortably online: www.multi-cb.eu 


Circuit Boards 

HTg, Hfll, HF, etc. 


SMD-Stencils 

Laser technology 



starting from 


I €33f°„« 1 

€40, 2 vJ 


1 pc. 200 x 200mm 


ind. 

unlimited Pads! 


Flex & Rigid-Flex 

up to 12 layers 



Alu core (IMS) 

1 & 2 layers PTH 



I) Qpc a? [visa • PayPal plus 

^ Member mastercard m 


€ 

Prepayment 


Directly from 
your data e.g.: 


EflSfir* Head 



















































